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BACKGROUND OF THE INVENTION 
10 The present invention is directed to improvements in 

methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals . The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
15 plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.2S1. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
20 unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality of 
adaptive decompression circuits and the like positioned as a 
reconf igurable pipeline processor. 

Video compression/decompression systems are generally 
25 well-known in the art. However, such systems have generally 
been dedicated in design and use to a single compression 
standard. They have also suffered from a number of other 
inefficiencies and inflexibility in overall system and 
subsystem design and data flow management . 
3 0 Examples of prior art systems and subsystems are 

enumerated as follows : 

One prior art system is described in United States 
Patent No. 5,216,724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
35 four compute modules couoled in oarallel. Each of the 
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compute modules has a processor, dual port memory, scratch- 



couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 
compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 
a first segment of a data stream. Region fill codes 
conveying pixel amplitude indications for the regions are 
grouped together according to fill code type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 
respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 
avoiding unpredictable seek mode latency periods 
characteristic of compact discs. A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 
is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 



pad memory, and an arbitration mechanism. 
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United States Patent No. 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
already coded at time t-1 is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
O receiver store, in the same way for all picture elements 

J (pixels) . Both the image store in the coder as well as the 

00 15 image store in the decoder are each operated with feed back 

to themselves in a manner such that the content of the image 
fU store in the coder and decoder can be read out in blocks of 

^ variable size, can be amplified with a factor greater than or 

less than 1 of the luminance and can be written back into the 
image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
data structure. 

United States Patent No. 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
25 apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 
circuit, responsive to the codewords CW and T, parses the 
codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively, A 
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transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW and 
5 error detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data.. Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 
10 United States Patent No. 5,146,325 discloses a video 

decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 
15 transmission. The odd and even fields are independently 
decompressed. During intervals when valid decompressed 
fU odd/even field data is not available, even/odd field data is 

w substituted for the. unavailable odd/even field data. 

Independently decompressing the even and odd fields of data 
p 20 and substituting the opposite field of data for unavailable 

flj data may be used to advantage to reduce image display latency 

O during system start-up and channel changes. 

United States Patent No. 5,168, 356 discloses a video 
signal encoding system that includes apparatus for segmenting 
25 encoded video data into transport blocks for signal 
transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 
3 0 transmitted data. The re-entry points are maximized by 
providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 



one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United Stat'es Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 
organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 
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1106 13 diVidSd int ° 768 channels spaced about 3 . 9Hz apart 
Each channel consists of two carrier waves in quadrature, so 
each channel can carry two pixels. Some channels are 
reserved for special calibration signals enabling the 
5 receiver to detect both the phase and magnitude of the 
received signal. if the sensor and pixels are connected 
directly to a bank of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An FFT algorithm 
10 implements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
and then acquires subsequent frames every frame period. The 
frame period is relatively low compared with the sampling 
period so the receiver is unlikely to lose frame synchrony 
15 once the first frame is detected. An experimental video 
telephone transmitted 4 frames per second, applied quadrature 
coding to 1440 pixel logmap images and obtained an effective 
data transfer rate in excess of 40,000 bits per second. 

United States Patent No. 5,185,819 discloses a vid-o 
compression system having odd and even fields of video signal 
that are independently compressed in sequences of intraframe 
and interframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted. 

30 United States Patent No. 5,212,742 discloses an 

apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 
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parallel. Each of the compute modules has a processor, dual 
port memory, scratch-pad memory, and an arbitration 
mechanism. A first bus couples the compute modules and host 
processor. Lastly, the device comprises a shared memory 
which is coupled to the host processor and to the compute 
modules with a second bus. The method handles assigning 
portions of the image for each of the processors to operate 
upon . 

United States Patent No. 5,231,484 discloses a system 
and method for implementing an encoder suitable for use with 
the proposed ISO/IEC MPEG standards. Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
video sequences, allocate bits to the pictures in a sequence, 
and adaptively quantize transform coefficients in different 
regions of a picture in a video sequence so as to provide 
optimal visual quality given the number of bits allocated to 
that picture. 

United States Patent No. 5,267,334 discloses a method of 
removing frame redundancy in a computer system for a sequence 
of moving images. The method comprises detecting a first 
scene change in the sequence of moving images and generating 
a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
embodiment, as a "forward-facing" keyframe or intraframe, and 
it is normally present in CCITT compressed video data. The 
process then comprises generating at least one intermediate 
compressed frame*, the at least one intermediate compressed 
frame containing difference information from the first image 
for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe. The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
5 intermediate compressed frames are linked in reverse for 
reverse play. The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 

10 generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 

15 vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 

20 high-resolution image data from an ongoing input series of 
successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g. , 30 frames per second) , 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 

25 frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,64 6 discloses a method 
and apparatus for enabling a real-time video encoding system 

3 0 to accurately deliver the desired number of bits per frame, 
while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 
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including a plurality of blocks. The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
5 number of bits required to describe the data will vary 
significantly. At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 
10 the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 

^ data bits for a plurality of sectors, for example describing 

fep an image. Various methods are described for updating the 

^ quantization step size and determining desired bit 

yg 15 allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 

q for Digital Image Processing , Wescon Technical Papers: No. 

= 2 Oct. /Nov. 1984, discloses a real-time signal processing 

system specifically designed for image processing. More 

M* 20 particularly, a token based data-flow architecture is 

disclosed wherein the tokens are of a fixed one word width 

p having a fixed width address field. The system contains a 

plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 
2 5 and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 
30 what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 
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performed upon the data. If unrecognized, the token is 
directed to an output data bus. 

The article, Kimori, S. et al. An Elastic Pipeline 
Mechanism by Self-Timed Circuits , IEEE J. of Solid-state 
5 Circuits, Vol. 23, No. 1, February 1988, discloses an elastic 
pipeline having self-timed circuits. The asynchronous 
pipeline comprises a plurality of pipeline stages. Each of 
the pipeline stages consists of a group of input data latches 
followed by a combinatorial logic circuit that carries out 
10 logic operations specific to the pipeline stages. The data 
latches are simultaneously supplied with a triggering signal 
^ generated by a data-transfer control circuit associated with 

yg that stage. The data-transfer control circuits are 

interconnected to form a chain through which send and 
/g 15 acknowledge signal lines control a hand-shake mode of data 

H; transfer between the successive pipeline stages. 

^ Furthermore, a decoder is generally provided in each stage to 

s select operations to be done on the operands in the present 

stage. It is also possible to locate the decoder in the 
M, 20 preceding stage in order to pre-decode complex decoding 

jjU processing and to alleviate critical path problems in the 

p logic circuit. The elastic nature of the pipeline eliminates 

any centralized control since all the interworkings between 
the submodules are determined by a completely localized 
25 decision and, in addition, each submodule can autonomously 
perform data buffering and self-timed data-transfer control 
at the same timex Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the occupied 
stages in order to ensure reliable data transfer between the 
3 0 stages. 

United States Patent No. 5,278,64 6 discloses an improved 
technique for decoding wherein the number of coefficients to 
be included in each sub-block is selectable, and a code 
indicating the number of coefficients within each layer is 
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inserted in the bitstream at the beginning of each encoded 
video sequence. This technique allows the original runs of 
zero coefficients in the highest resolution layer to remain 
intact by forming a sub-block for each scale from a selected 
5 number of coefficients along a continuous scan. These sub- 
blocks may be decoded in a standard fashion, with an inverse 
discrete cosine transform applied to square sub-blocks 
obtained by the appropriate zero padding of and/or discarding 
of excess coefficients from each of the scales. This 
10 technique further improves decoding efficiency by allowing an 
implicit end of block signal to separate blocks, making it 
unnecessary to decode an explicit end of block signal in most 
cases. 

^ United States Patent No. 4,903,018 discloses a process 

15 and data processing system for compressing and expanding 
structurally associated multiple data sequences. The process 
is particular to data sets' in which an analysis is made of 
the structure in order to identify a characteristic common to 
a predetermined number of successive data elements of a data 
20 sequence. In place of data elements, a code is used which is 
again decoded during expansion. The common characteristic is 
obtained by analyzing data elements which have the same order 
number in a number of data sequences. During expansion, the 
data elements obtained by decoding the code are ordered in 
2 5 data series on the basis of the order number of these data 
series on the basis of the order number of these data 
elements. The >data processing system for performing the 
processes includes a storage matrix (2 6) and an index storage 
(28) having line addresses of the storage matrix (26) in an 
30 assorted line sequence. 

United States Patent No. 4,334,246 discloses a circuit 
and method for decompressing video subsequent to its prior 
compression for transmission or storage. The circuit assumes 
that the original video generated by a raster input scanner 



was operated on by a two line one shot predictor, coded using 
run length encoding into code words of four, eight or twelve 
bits and packed into sixteen bit data words. This described 
decompressor, then, unpacks the data by joining together the 
sixteen bit data words and then separately the individual 
code words, converts the code words into a number of all zero 
four bit nibbles and a terminating nibble containing one or 
more one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 
video bits of the present line to produce depredictor 
bits and compares the decoded data and depredictor bits to 
produce the final actual video. 

United States Patent No. 5,060,242 discloses an image 
signal processing system DPCM encodes the signal, then 
Huffman and run length encodes the signal to produce variable 
length code words, which are then tightly packed without gaps 
for efficient transmission without loss of any data. The 
tightly packed apparatus has a barrel shifter with its shift 
modulus controlled by an accumulator receiving code word 
length information. An OR gate is connected to the shifter, 
while a register is connected to the gate. Apparatus for 
processing a tightly packed and decorrelated digital signal 
has a barrel shifter and accumulator for unpacking, a Huffman 
and run length decoder, and an inverse DCPM decoder. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 
one or more of the functions of decimation, interpolation, 
and sharpening is accomplished by use of an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
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transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
5 after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
10 provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
^ followed by a savings of designated samples, and a discarding 

of excess samples from regions of overlap. The spatial 
2 representation of the kernel is modified by reduction of the 

iXl 15 number of components, for a linear-phase filter, and zero- 

^ padded to equal the number of samples of a data block, this 

£3 being followed by forming the discrete odd cosine transform 

a (DOCT) of the padded kernel matrix. 

~ United States Patent No. 5,231,486 discloses a high 

20 definition video system processes a bitstream including high 
2 and low priority variable length coded Data words. The coded 

p Data is separated into packed High Priority Data and packed 

Low Priority Data by means of respective data packing units. 
The coded Data is continuously applied to both packing units. 
25 High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 
3 0 via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No, 5,287,178 discloses a video 
signal encoding system includes a signal processor for 



segmenting encoded video data into transport blocks having a 
header section and a packed data section. The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
inverse quantizer is used in the standard way to decode 
differential predictive coding method (DPCM) encoded data.] 

United States Patent No. 5, 136, 371 to Savatier et al . is 
directed to a de-quantizer having an adjustable quantiza- 
tional level which is variable and determined by the fullness 
of the buffer. The applicants state that the novel aspect of 
their invention is the maximum available data rate that is 
achieved. Buffer overflow and underflow is avoided by 
adapting the quantization step size the quantizer 152 and the 
de-quantizer 156 by means of a quantizational level which is 
recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 
of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,14 2,380 to Sakagami et al. 
discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 
and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 
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United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals in 
real time in conjunction with the CCITT standard H.261. A 
digital signal processor carries out direct quantization and 
5 reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 32 is 
10 periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit. The change in 
quantization parameters for coding the next group of pictures 
is determined by a deviation measure between the actual 
number of code bits generated by the coding circuits for the 
15 previous group of pictures in an estimate number of code bits 
for the previous group of pictures. The number of code bits 
generated by the coding circuit is controlled by controlling 
s the quantizer step sizes. In general smaller quantizer step 

sizes result in more code bits in larger quantizer step sizes 
2 0 result in fewer code bits. 
fU United States Patent No. 5,113,255 to Nagata et al; 

g 5,126,842 to Andrews et al; 5,253,058 to Gharavi; 5,260,782 

to Hui; and 5,212,742 to Normile et al are included for 
background and as a general description of the art. 
25 Accordingly, those concerned with the design, 

development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 
30 invention clearly fulfills all these needs. 
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SUMMARY OF THE INVENTION 
Briefly, and in general terms, the present invention 
provides an input, an output and a plurality of processing 
5 stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 
10 the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the processing 
stages in the pipeline are afforded enhanced flexibility in 
configuration and processing. 
15 Each of the processing stages in the pipeline may 

include both primary and secondary storage, and the stages in 
the pipeline are reconf igurable in response to recognition of 
H selected tokens. The tokens in the pipeline are dynamically 

^ adaptive and may be position dependent upon the processing 

2 20 stages for performance of functions or position independent 

of the processing stages for performance of functions. 
Li In a pipeline machine, in accordance with the invention, 

[*f the tokens may be altered by interfacing with the stages, and 

g v the tokens may interact with all of the processing stages in 

25 the pipeline or only with some but less than all of said 
processing stages. The tokens in the pipeline may interact 
with adjacent processing stages or with non-adjacent 
processing stages, and the tokens may reconfigure the 
processing stages. Such tokens may be position dependent for 
3 0 some functions and position independent for other functions 
in the pipeline. 

The tokens, in combination with the reconf igurable 
processing stages, provide a basic building block for the 
pipeline system. The interaction of the tokens with a 
35 processing stage in the pipeline may be conditioned by the 
previous processing history of that processing stage. The 



tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage may be 
determined by such address fields. 

In an improved pipeline machine, in accordance with the 
invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 
and may also be Huffman coded. 

In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 
identified as DATA tokens and provide data to the processing 
stages in the pipeline, while other tokens are identified as 
control tokens and only condition the processing stages in 
the pipeline, such conditioning including reconfiguring of 
the processing stages. Still other tokens may provide both 
data and conditioning to the processing stages in the 
pipeline. Some of said tokens may identify coding standards 
to the processing stages in the pipeline, whereas other 
tokens may operate independent of any coding standard among 
the processing stages. The tokens may be capable of 
successive alteration by the processing stages in the 
pipeline . 

In accordance with the invention, the interactive 
flexibility of the tokens in cooperation with the processing 
st.ages facilitates greater functional diversity of the 
processing stages for resident structure in the pipeline, and 
the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage in the 
pipeline. Such pipeline tokens may be either hardware based 
or software based. Hence, the tokens facilitate more 



16b 

efficient uses of system bandwidth in the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline. 
5 The invention may include a pipeline processing machine 

for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 
10 employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start code detector 
responsive to the single serial bit stream for generating 

^ control tokens and DATA tokens for application to the two- 

u 

yi wire interface, a token decode circuit positioned m certain 

0^ 15 of the stages for recogni2ing certain of the tokens as 

control tokens pertinent to that stage and for passing 
H* unrecognized control tokens along the pipeline, and a 

jj; reconf igurable decode and parser processing means responsive 

s to a recognized control token for reconfiguring a particular 

;Z 2 0 stage to handle an identified DATA token. 

M, The pipeline machine may also include first and second 

registers, the first register being positioned as an input of 
q the decode and parser means, with the second register 

positioned as an output of the decode and parser means. One 

25 of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 

3 0 tokens pertinent to the spatial decoder and for configuring 
the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 

3 5 second token decode means positioned in the temporal decoder 
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for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for termporally decoding the DATA tokens 
5 following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks, and address 
10 means may be provided for storing and retrieving such data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
„ address means reorders said blocks as picture data for 

yg display. The data blocks stored and retrieved may be greater 

0 1 15 and/or smaller than 8x8 pel data blocks. Circuit means may 

y~ also be provided for either displaying the output of the 

M; temporal decoder or writing the output back into a picture 

q memory location. The decoded format may be either a still 

s picture format or a moving picture format. 

^ 20 The processing stage may also include, in accordance 

Lk with the invention, a token decoder for decoding the address 

ly of a token and an action identifier responsive to the token 

□ 

g decoder to implement configuration of the processing stage. 

The processing stages reside in a pipeline processing machine 

25 having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 

3 0 to that stage and for passing unrecognized control tokens 
along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 

3 5 token decode circuit is connected to the two-wire interface 
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through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention, one of the stages is 
a Start Code Detector for receiving the input and being 
adapted to generate and/or convert the tokens. The Start 
Code Detector is responsive to data to create . tokens, 
searches for and detects start codes and produces tokens in 
response thereto, and is capable of detecting overlapping 
start codes, whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

The Start Code Detector stage is adapted to search an 
input data stream in a search mode for a selected start code. 
The detector searches for breaks in the data stream, and the 
search may be made of data from an external data source. The 
Start Code Detector stage may produce a START CODE token, a 
P I CTURE_ST ART token, a SLICE_START token, a PICTURE_END 
token, a SEQUENCE_START token, a SEQUENCE_END token, and/or 
a GROUP_START token. The Start Code Detector stage may also 
perform a padding function by adding bits to the last word of 
a token. 

The Start Code Detector may provide, in a machine for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 
separately encoded pairs of start codes and data carried in 
the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
bits from the bit stream, the first register storing a value, 
the second register and a first decode means identifying a 



start code associated with the value contained in said first 
register. Circuit means shift the latter value to a 
predetermined end of the third register, and a second decode 
means is arranged for accepting data from the third register 
in parallel, 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 
associated with the start code. A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 
organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 
input data stream. Further in accordance with the invention, 
the system may be a pipeline system and the Start Code 
Detector may be positioned as the first processing stage in 
the pipeline. 

The present invention also provides, in a digital 
picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG, MPEG, 
and/or H.261, or any other standards and any combination of 
such picture standards, without departing in any way from the 
spirit and scope of the invention- In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
stored programs for each of a plurality of different picture 
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compression/decompression standards, such programs being 
selectable by an interfacing adaptation unit in the form of 
a token, so that processing for a plurality of picture 
5 standards is facilitated. A multi-standard system in 
accordance with the invention, may utilize tokens for its 
operation regardless of the selected picture standard, and 
the tokens may be utilized as a generic communication 
protocol in the system for all of the various picture 
10 standards. The system may be further characterized by a 
multi-standard token for mapping differently encoded data 
streams arranged on a single serial stream of data onto a 
single decoder using a mixture of standard dependent and 
_ standard independent hardware and control tokens. The system 

2 15 ma Y also include an address generation means for arranging 
CP macroblocks of data associated with different picture 

standards into a common addressing scheme. 

The present invention also provides, in a system having 
Jj? a plurality of processing stages, a universal adaptation unit 

3 20 in the form of an interactive interfacing token for control 
^ and/or data functions among the processing stages, the token 
2 being a PICTURE_START code token for indicating that the 
FU start of a picture will follow in the subsequent DATA token. 

The token may also be a P I CTURE_END token for indicating 
25 the end of an individual picture. 

The token may also be a FLUSH token for clearing buffers 
and resetting the system as it proceeds down the system from 
the input to the output. In accordance with the invention, 
the FLUSH token , may variably reset the stages as the token 
3 0 proceeds down the pipeline. 

The token may also be a CODING_STANDARD token for 
conditioning the system for processing in a selected one of 
a plurality of picture compression/decompression standards. 

The COD I NG_STAND ARD token may designate the picture 
3 5 standard as JPEG, and/or any other appropriate picture 
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standard. At least some of the processing stages reconfigure 
in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
COD I NG_STANDARD control token. A reset address may also be 
selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser . 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 
instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not. 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

The present invention also provides a system for 
decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of varying data size can be 
controlled. 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

As previously indicated, the system may further include 
a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards . 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created. 

The system may also include a decoding stage and a 
parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating whether the 
arriving data is inverted or not. The tables may be arranged 
within a memory for enabling multiple use of the tables where 
appropriate . 

The present invention also provides a pipeline system 
having an input data stream, and a processing stage for 
receiving the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby said 
stage facilitates random access and error recovery. In 
accordance with the invention, the processing stage may be a 
start code detector and the bit stream patterns may include 
start codes. Hence, the invention provides a search-mode 
means for searching differently encoded data streams arranged 
as a single serial stream of data for allowing random access 
and enhanced error recovery. 

The present invention also provides a pipeline machine 
having means for performing a stop-after-picture operation 
for achieving a clear end to picture data decoding, for 
indicating the end of a picture, and for clearing the 
pipeline, wherein such means generates a combination of a 
PICTURE_END tokeji and a FLUSH token. 

The present invention also provides, in a pipeline 
machine, a fixed size, fixed width buffer and means for 
padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector . 

Padding may be performed only on the last word of a 
token and padding insures uniformity of word size. In 



accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
decoder sufficent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token. 

The inverse modeller means blocks tokens which lack the 
specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 
and decoding the run length codes. A padder circuit in 
communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordance with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 
first type tokens having a first predetermined width, and at 
least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 
Format B - ERRRRKI*LLLLLLLLLLL 
Format C - EOOOOOOLLLLLLLLLLL 
where E=extention bit; F=specifics format; R=run bit; 



L=length bit or non-data token; x="don't care" bit, splitting 
format A tokens into a format Oa token having a form of 
ELLLLLLLLLLL , splitting format B tokens into a format 1 token 
having the form of FRRRRRRO 0 00 0 and a format 0a data token, 
splitting format C tokens into a format 0 token having the 
form of FLLLLLLLLLLL , and packing format 0, format 0a and 
format 1 tokens into a buffer, having a second predetermined 
width. 

The invention also provides an apparatus for providing 
a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
wherein words of data containing compressed pictures are 
counted by a counter circuit and a microprocessor, in 
communication with the counter circuit and adapted to receive 
start-up information consistent with the standard of video 
decompression, communicates the start-up information to the 
counter circuit. 

An inverse modeller circuit, for accepting the words of 
data and capable of delaying the words of data, is in 
communication with a control circuit intermediate the counter 
circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 
signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. * 

The present invention also provides in a pipeline system 
having an inverse modeller stage and an inverse discrete 
cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 
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In accordance with the invention, the token may be a 
QUANT_TABLE token for causing the processing stage to 
generate a quantization table. 
5 The present invention also provides a Huffman decoder 

for decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 
10 and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
_ words, means for converting the data words to JPEG Huffman 

2 coded data words, if necessary, in response to reading the 

m 15 identifier that identifies the Huffman coded data words as 

fn 

^ H.261 or MPEG Huffman coded, means operably connected to the 

M* Huffman coded data words receiving means for generating an 

IT index number associated with each JPEG Huffman coded data 

s word received from the Huffman coded data words receiving 

-tT 20 means, and means for operating a lookup table containing a 

Huffman code table having the format used under the JPEG 
[U standard to transmit JPEG Huffman table information, 

^ including an input for receiving an index number from the 

index number generating means, and including an output that 
25 is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman >coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 
3 0 identifies the Huffman code standard under which the data 
words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary, in response to reading the 
35 identifier that identifies the Huffman coded data words as 
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H.261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
number, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
5 Figures. 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

Figures. 3a(l), 3a(2), 3b(l) and 3b(2) illustrate the control 
10 of data transfer between stages of a preferred embodiment of 
a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 

15 transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 

20 used in the pipeline stage as shown in Figure. 4; 

Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 

25 stage activation data words; 

Figures. 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 

3 0 timing diagram that shows the two-phase clock, the two-wire 
transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b. 

Figure 10 is a block diagram of a reconf igurable processing 
3 5 stage; 
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Figure 11 is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter; 
Figures 14a-c show* various arrangements of memory blocks used 
in the present invention: 

Figure 14a is a memory map showing a first 

arrangement of macroblocks ; 

Figure 14b is a memory map showing a second 
arrangement of macroblocks; 

Figure 14c is a memory map showing a further 

arrangement of macroblocks; 
Figure 15 shows a Venn diagram of possible table selection 
values ; 

Figure 16 shows the variable length of picture data used in 
the present invention; 

Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 
filtering process; 

Figure 19 shows a generalized representation of the 
macroblock structure ; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector ; 

Figure 21 illustrates examples of start codes in a data 
stream; 

Figure 22 is a block diagram depicting the relationship 
between the flag generator, decode index , header 
generator , extra word generator and output latches ; 
Figure 2 3 is a block diagram of the Spatial Decoder DRAM 
interface ; 

Figure 24 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 

Figure 2 6 is a pictorial diagram illustrating prediction data 




offset by (1,1); 

Figure 27 is a block diagram illustrating the Huffman decoder 

and parser state machine of the Spatial Decoder. 

Figure 28 is a block diagram illustrating the prediction 

filter. 
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Figure 2 9 
Figure 3 0 
Figure 31 
Figure 3 2 
Figure 3 3 
Figure 34 
Figure 35 
8 bits; 
Figure 3 6 
Figure 37 
Figure 38 
interfaces ; 
Figure 3 9 
Figure 40 
Figure 41 
Figure 42 
Figure 4 3 
Figure 44 
transfers ; 
Figure 4 5 
Figure 4 6 
Figure 47 
Figure 48 
deep DRAMs (9 bit 
Figure 49 
signal ; 
Figure 5 0 
strobe signals; 
Figure 51 
a strobe ; 
Figure 52 
a strobe ; 
Figure 53 
Figure 54 
Figure 55 
the memory map; 
Figure 56 
Figure 57 
Figure 58 
Figure 59 
circuit; 
Figure 60 
Figure 61 
Figure 62 
to Tokens ; 
Figure 63 
Tokens ; 
Figure 64 
aligned) ; 
Figure 65 



shows a typical decoder system ; 

shows a JPEG still picture decoder; 

shows a JPEG video decoder; 

shows a multi-standard video decoder; 

shows the start and the end of a token; 

shows a token address and data fields; 

shows a token on an interface wider than 

shows a macroblock structure; 

shows a two-wire interface protocol; 

shows the location of external two-wire 

shows clock propagation; 

shows two-wire interface timing; 

shows examples of access structure; 

shows a read transfer cycle; 

shows an access start timing; 

shows an example access with two write 

shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 3 2 bit data bus and a 256 kbit 
row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MPI read timing; 

shows an MPI write timing; 

shows organization of large integers in 

shows a typical decoder clock regime; 

shows input clock requirements; 

shows the Spatial Decoder; 

shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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byte aligned) ; 
Figure 66 
sequences ; 
Figure 67 
insertion ; 
Figure 68 
Figure 69 
output ; 
Figure 70 
Figure 71 
Figure 72 
Figure 73 
Figure 74 
macroblock; 
Figure 75 
from pel ones; 
Figure 7 6 
Figure 77 
quantization ; 
Figure 7 8 
quant i z a t i on ; 
Figure 7 9 
quantization; 
Figure 8 0 
Figure 81 

sequential structur* 

Figure 8 2 

Figure 8 3 

Figure 84 

Figure 8 5 

Figure 8 6 

output ; 

Figure 87 

and output ; 

Figure 88 

output ; 

Figure 8 9 

Figure 9 0 

Figure 91 

Figure 9 2 - 

Figure 93 

Figure 94 

blocks ; 

Figure 9 5 

Figure 9 6 

macroblocks ; 

Figure 97 

Figure 9 8 

Figure 9 9 

blocks ; 

Figure 100 

Figure 101 
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shows jumping between two video 

shows a sequence of extra Token 

shows decoder start-up control; 

shows enabled streams queued before the 

shows a spatial decoder buffer; 

shows a buffer pointer; 

shows a video demux; 

shows a construction of a picture; 

shows a construction of a 4:2:2 

shows a calculating macroblock dimension 

shows spatial decoding; 

shows an overview of H.261 inverse 

shows an overview of JPEG inverse 

shows an overview of MPEG inverse 

shows a quantization table memory map; 
shows an overview of JPEG baseline 

shows a tokenised JPEG picture; 

shows a temporal decoder; 

shows a picture buffer specification; 

shows an MPEG picture sequence (m=3); 

shows how "I" pictures are stored and 

shows how "P" pictures are formed, stored 

shows how "B" pictures are formed and 

shows P picture formation; 

shows H.261 prediction formation; 

shows an H.2 61 "sequence"; 

shows a hierarchy of H.2 61 syntax; 

shows an H.261 picture layer; 

shows an H.261 arrangement of groups of 

shows an H.261 "slice" layer; 

shows an H.2 61 arrangement of 

shows an H.2 61 sequence of blocks; 

shows an H.2 61 macroblock layer; 

shows an H.2 61 arrangement of pels in 

shows a hierarchy of MPEG syntax; 
shows an MPEG sequence layer; 
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Figure 102 
Figure 103 
Figure 104 
Figure 105 
Figure 106 
Figure 107 
Figure 108 
Figure 109 
Figure 110 
Figure 111 
Figure 112 
Figure 113 
from a chip 
Figure 114 
signal ; 
Figure 115 
strobe sign 
Figure 116 
a strobe; 
Figure 117 
a strobe; 
Figure 118 
Figure 119 
Decoding Fl 
Figure 12 0 
DC) coeffic 
-Figure 121 
coefficient 
Figure 122 
Formatter; 
Figure 123 
Figure 124 
Decoding; 
Figure 125 
Figure 12 6 
ALU; 

Figure 127 
Figure 12 8 
Figure 12 9 
Figure 130 
Figure 131 
Figure 13 2 
Figure 133 
Figure 13 4 
Figure 13 5 
Figure 13 6 
Figure 13 7 
Figure 138 
Figure 13 9 
Figure 14 0 
microproces 
Figure 141 
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an MPEG group of pictures layer; 

an MPEG picture layer; 

an MPEG "slice" layer; 

an MPEG sequence of blocks; 

an MPEG macroblock layer; 

an "open GOP" ; 

examples of access structure; 

access start timing; 

a fast page read cycle; 

a fast page write cycle; 

a refresh cycle; 

extracting row and column address 

timing parameters for any strobe 

timing parameters between any two 

timing parameters between a bus and 

timing parameters between a bus and 

a Huffman decoder and parser; 

an H.261 and an MPEG AC Coefficient 

a block diagram for JPEG (AC and 

a flow diagram for JPEG (AC and DC) 

an interface to the Huffman Token 



shows a token formatter block diagram; 
shows an H.261 and an MPEG AC Coefficient 

shows the interface to the Huffman ALU; 
shows the basic structure of the Huffman 

shows the buffer manager; 
shows an imodel and hsppk block diagram; 
shows an imex state diagram; 
illustrates the buffer start-up; 
shows a DRAM interface; 
shows a write swing buffer; 
shows an arithmetic block; 
shows an iq block diagram; 
shows an iqca state machine ; 
shows an IDCT 1-D Transform Algorithm; 
shows an IDCT 1-D Transform Architecture; 
shows a token stream block diagram; 
shows a standard block structure; 
is a block diagram showing; 
sor test access; 

shows 1-D Transform Micro-Architecture; 
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Figure 142 
Figure 143 
interface stage; 
Figure 144 
diagram; 
Figure 145 
Figure 14 6 
Figure 147 
Figure 148 
Figure 14 9 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 



shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 

shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filter; 
shows the 1-D prediction filter; 
shows a block of pixels; 

shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction example; 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 



control for incrementing 
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diagram with timing references; 
Figure 156 shows the 

presentation numbers ; 
Figure 157 shows the buffer manager state machine 

(complete) ; 

Figure 158 shows the state machine main loop; 

Figure 159 shows the buffer 0 containing an SIF (22 

by 18 macroblocks) picture; 

Figure 160 shows the SIF component 0 with a display 

window; 

Figure 161 shows an example picture format showing 

storage block address ; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; 



Figure 163 
Figure 164 
machine; 
Figure 165 
Figure 166 
datapath ; 
Figure 167 
Figure 168 
and 

Figure 169 
converter . 



shows an example address calculation; 
shows a write address generation state 



shows a slice of the datapath; 
shows a two cycle operation 



of the 



shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 



In the ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 

GLOSSARY 

BLOCK: An 8-row by 8-column matrix of pels, or 64 DCT 
coefficients (source, quantized or dequantized) . 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Cr and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form. 

CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded. This order is not necessarily the same as the 
display order. 

COMPONENT: A matrix, block or single pel from one of the 
three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 

DECODER: An embodiment of a decoding process. 
DECODING (PROCESS) : The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 
displayed. Typically, this is the same order in which they 
were presented at the input of the encoder. 

ENCODING (PROCESS): A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
this specification. 
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INTRA CODING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture. 
LUMINANCE (COMPONENT): A matrix, block or single pel 
5 representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream. The symbol used for luminance is Y. 
MACROBLOCK: The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 

10 or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture. Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 

15 elements defined in the macroblock header of the syntax 
defined in this part of this specification. To one of 
ordinary skill in the art, the usage is clear from the 
context. 

MOTION COMPENSATION: The use of motion vectors to improve the 
20 efficiency of the prediction of pel values. The prediction 
uses motion vectors to provide offsets into the past and/ or 
future reference pictures containing previously decoded pel 
values that are used to form the prediction error signal. 
MOTION VECTOR: A two-dimensional vector used for motion 

2 5 compensation that provides an offset from the coordinate 

position in the current picture to the coordinates in a 
reference picture. 

NON— INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 

3 0 pictures occurring at other times. 

PEL: Picture element. 

PICTURE: Source, coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
matrices of 8-bit numbers representing the luminance and two 
3 5 chrominance signals. For progressive video, a picture is 
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identical to a frame, while for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context. 
5 PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded. 
RECONFIGURABLE PROCESS STAGE (RPS) : A stage, which in 
response to a recognized token, reconfigures itself to 
perform various operations. 
10 SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/or 
data functions. 

„, START CODES [SYSTEM AND VIDEO]: 32-bit codes embedded in a 

gg 15 coded bitstream that are unique. They are used for several 

rJ purposes including identifying some of the structures in the 

03 

yrj coding syntax. 

H VARIABLE LENGTH CODING; VLC: A reversible procedure for 

Q coding that assigns shorter code-words to frequent events and 

s 2 0 longer code-words to less frequent events. 

= VIDEO SEQUENCE: A series of one or more pictures. 

y* Detailed Descriptions 

i ™ 

□ 
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DESCRIPTION OF THE PREFERRED EMBODIMENT (S ) 

As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
5 embodiments of the invention, Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline. (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig 1. ) . 
10 Referring now to the drawings, wherein like reference 

numerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
^ practice of the present invention. Each row of boxes 

U3 15 illustrates a cycle and each of the different stages are 

^ labelled A-F, respectively. Each shaded box indicates that 

*y the corresponding stage holds valid data, i.e., data that is 

J! to be processed in one of the pipeline stages. After 

p processing (which may involve nothing more than a simple 

f 20 transfer without manipulation of the data) valid data is 

q transferred out of the pipeline as valid output data. 

H= Note that an actual pipeline application may include more 

Lr or fewer than six pipeline stages. As will be appreciated, 

O 

p the present invention may be used with any number of pipeline 

25 stages. Furthermore, data may be processed in more than one 
stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 

3 0 "VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 

3 5 the nearest neighboring device. This device may be another 
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Pipeline stage or some other system. For example, the last 
pipeline stage may pass its data on to subsequent processing 
circuitry. The ACCEPT signal, which is illustrated as thl 

Hh °\T ^ linSS COnneCt1 ^ "-ighboring stages, passes 
in the other direction upstream to a preceding device 

A data pipeline system of the type used in the practice of 
the present- invention has, in preferred embodiments, one o>- 
more of the following characteristics: 

1. The pipeline is "elastic" such that a delay at a 
particular pipeline stage causes the minimum disturbance 
possible to other pipeline stages. Succeeding pipeline 
stages are allowed to continue processing and, therefore 
this means that gaps open up in the stream of data 
following the delayed stage. Similarly, preceding 
Pipeline stages may also continue where possible, m this 
case, any gaps in the data stream may, wherever possible 
be removed from the stream of data. 

2. Control signals that arbitrate the pipeline are 
organized so that they only propagate to the nearest 
neighboring pipeline stages. m the case of signals 
flowing ln tne same direction as the data th . s . s 

the immediately succeeding stage. m.the case of signals 
rlowmg in the opposite direction to the data flow, this 
is the immediately preceding stage. 

3- The data in the pipeline is encoded such that many 
different types of data are processed in the pipeline 
This encoding accommodates data packets of variable size 
and the size of the packet need not be known in advance 
4. The overhead associated with describing the type of 
. aata is as small as -possible. 

5- It is possible for each pipeline stage to recognize 
only the minimum number of data types that are needed fc~ 
its required function. it should, however, still be abi~ 
to pass all data types onto the succeeding stage ever. 
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though it does recogni2e then 

co^unication between non-ad 3 acent pipeline !tsg e s 
Although net shown i„ Fig . x . there " 
either single lines or several n lra i,„ ,. K ' 
:r; r that also lead into .J^^^ 
As is explained and illustrated in greater detail below data 
is transferred into, out of. and between the stages of h! 
Pipeline over the data lines. 

Note that the first pipeline stage ma y receive data and 
control signals fro m any f ora of preceding device. c„, 
example, reception circuitry of a digital i ma ge trans^ssion 
systen. another pipeUne. or the liKe. On the other hand it 
-ay generate itself, all or part of the data to be processed 
- the pipeline. rndeed, as is explained below, a ..stage' 
-y contain arbitrary processing circuitry, including none at 

—pie, another pipeiine or even multiple system or 
Pipelines,, and it n ay generate, change, and deiete data as 

.hen a pipeline stag, contains valid data that is to be 
transferred down the pipeline, the VALID signal, which 
ndicates data validity, need not be transferred furtner than 
- th e i^iately subseguent pipeline stage. A two-wire 
interface is, therefore, included between every pair of 
Pipeline stages in the system This includes a tlo-wire 
interface between a preceding device and the first stage, and 
between a subseguent device and the last stage, if such other 
devices are included and data is to be transferred between 
uherr. and the pipeline. 

^ Each of the signals," ACCEPT and VALID , has a HIGH and a 
L °" ValUS - ThSSe values are abbreviated as « H « and »L" 
respectively. The most common applications of the pipeline' 
m practicing the invention, will typically be digital. - 
such digital implementations, the HIGH value may for 
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exa.ple, be a logical "l" and the LOW value may be a logical 
The system is not restricted to digital 
implementations , however, and in analog implementations, the 
HIGH value may be a voltage or other similar quantity above 
(or below) a set threshold, with the LOW value being 
indicated by the corresponding signal being below (or above, 
the sazne or some other threshold. For digital applications, 
the present invention may be implemented using any known 
technology, such as CMOS, bipolar etc. 

It is not necessary to use a distinct storage device and 
wires to provide for storage of VALID signals. This is true 
even in a digital embodiment. All that is required is that 
the indication of "validity" of the data be stored along with 
the data. By way of example only, in digital television 
Pictures that are represented by digital values, as specified 
in the international standard CCIR 601, certain sceci'ic 
values are not allowed. m this system, eight-bit " binary 
numbers are used to represent samples of the picture and the 
values zero and 255 may not be used. 

If such a picture were to be processed in a pipeline buUt 
in the practice of the present invention, then one of these 
values (zero, for example, could be used to indicate that the 
data in a specific stage in the pipeline is not valid 
Accordingly, any non-zero data would be deemed to be valid 
In this example, there is no specific latch that can be 
identified and said to be storing the » validness « of the 
associated data. Nonetheless, the validity of the data is 
stored along with the data. 

As shown in Fig. i, the state of the VALID signal into 
each stage is indicated as an »H» or an »L» on an upper, 
right-pointed arrow. Therefore, the VALID signal from Staae 
A into Stage B is LOW, an d the VALID signal from Stage 0 ir.zz 
Stage E is HIGH. The state of the ACCEPT signal into eacr. 
stage is indicated as an »H» or an »L» on a lower, left- 
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pointing arrow. Hence, the ACCEPT 5 i„„ 3l * 

^ • accept signal from Stage E into 

Stage 1- HIGH. whereas the ACCE „ , „ * ° 

connected downstream of the pipeline lnto stage f ^ 

Data a s transferred from one stage to another during a 
cyde Explained below, whenever the ACCEPT signal of the 

ACCEPT Signal is LOW between two stages, then data is not 
transferred between these stages. 

Referring again to rig . l , if a box is shaded 
corresponding pipeline stage is assumed, by way of example 
to contain valid output data. Likewise, the VALID signal 
which x. passed from that stage to the following stage is 
HIGH. Fig. i illustrates the pipeiine when stages B , D , and 

valid data. At the beginning, tn . VALID signal into pipeline 
stage A is „ I0 „. BMnin , th „ ^ ^ ^ ^ temml 

ilne lnro th e pipeline is valid. 

Also at this tine, the ACCEPT signal into pipeline stage 
15 L ° W ' S ° that no d ^a, whether valid or not is 
transf erred out of stage F . No te that both valid and invalid 
data ls transferred between pi peline stages . Invalid data 

* 1=h iS data n0t W ° rth savi "*< -ay be written over, thereby 
eliminating it fro, the . pipeline . However, valid data mus^ 
not be written over since it is data that must be saved for 
processing or use in a downstream device e.g., a pipeline 
stage, a device or a system connected to the pipeline that 
receives data from the pipeline. 

in the pipeline illustrated in Fig. i, stage E contains 
valid data Dl, Stage D contains valid data 02, Stage 3 
contains valid data 03, and a device (not shown) connected tc 
tne pipeline upstream contains data 04 that is to be 
transferred into and processed in the pipeline. Stages 3, D 
and E, in addition to the upstream device, contain valid data 
and, therefore, the VALID signal from these stages or devices 
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into their respective following devices is HIGH. The VALID 
signal fro, the Stages A. c and F is, however, LOW since 
these stages do not contain valid data 

Assume now that the device connected downstream from the 
pipeline is not ready to accept data from the pipeline. The 
device signals this by setting the corresponding ACCEPT 
signal LOW into stage F . stage f ^ ^ 

contain valid data and is, therefore, able to accept data 
ir °" Precedin< 3 Stage E . Hence, the ACCEPT signal fro. 

itage F into Stage E is set HIGH. 

Similarly, stage E contains valid data and Stage F is 
ready to accept this data. Hence, Stage E can accept new 
data as long as the valid data Dl is first transferred to 
Stage F. i„ other words, although Stage F cannot transfer 
data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle l 
data can, therefore, be "shifted" one step to the right.' 
xhis condition is shown in Cycle 2. 

In the illustrated example, the downstream device is still 
not ready to accept new data in Cycle 2 and, therefore, the 
ACCEPT signal into Stage F is still LOW . stage F cannot 
therefore, accept new data since doing so would cause va i id 
data Dl to be overwritten and lost. The ACCEPT signal f-on, 
Stage F into Stage E, therefore, goes LOW , as does the ACCEPT 
signal from stage E into stage D since stage E also contains 
valid data D2 . All of the Stages A-D, however, are able r Q 
accept new data (either because they do not contain vaUd 
data or because they are able to shift their valid data 
downstream and accept new data, and they signal this 
condition to their immediately preceding neighbors by setting 
tneir corresponding ACCEPT signals HIGH. 

The state of the pipelines after Cycle 2 is illustrated :r. 
Fig. 1 for the row labelled Cycle 3. By way of example, it 
is assumed that the downstream device is still not readv 



accept new data fro. Stage F (the ACCEPT signal into Stage F 
is LOW,. stages E and F, therefore, are still "blocked", out 
in Cycle 3, stage D has received the valid data D3 , which has 
overwritten the invalid data that, was previously in this 
stage. since Stage D cannot pass on data D3 in Cycle 3 it 
cannot accept new data and, therefore, sets the ACCEPT signal 
into Stage c LOW. However, stages a-c are ready to accept 
new data and signal this by setting their corresponding 
ACCEPT signals HIGH. Note that data D4 has been shifted fro. 
Stage A to Stage B. 

Assume now that the downstream device becomes ready to 
accept new data in Cycle 4. it signals this to the pipeline 
by setting the ACCEPT signal into Stage F HIGH. Although 
Stages C-F contain valid data, they can now shift the data 
downstream and are, thus, able to accept new data. Since 
each stage is therefore able to shift data one steo 
downstream, they set their respective ACCEPT signals out 
HIGH. 



As long as the ACCEPT sxgnal into the final pipeline stage 
" thiS 6Xample ' St3 * e F > HIGH, the pipeline shown in 

fig. 1. acts as a rigid pipeline and simply shifts data one 
step downstream on each cycle. Accordingly, in Cycle 5, data 
D , which was contained in Stage F in Cycle 4, is shifted out 
of the pipeline to the subsequent device, and all other data 
is shifted one step downstream. 

Assume now, that the ACCEPT signal into Stage F goes LOW 
in Cycle 5. Once again, this means that Stages D-F are no. 
able to accept new data, and the ACCEPT signals out of these" 
stages into their immediately preceding neighbors go LOW. 
Hence, the data 02. D y and D4 cannot shift down911rMS< 

novever, the data D5 can. The enT-r- Q o„ ^ ■ 

ine cor responding state of the 
Pipeline after Cycle 5 is, thus, shown in Fig. ! as Cycle < 

The ability of the pipeline, in accordance with ch. 
Preferred embodiments of the present invention, to "fill uc" 
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empty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
from one another. m other words, even though a pipeline 
stage may not be ready to accept data, the entire pipeline 
does not have to stop and wait for the delayed stage 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall" in the pipeline 
Nonetheless, stages downstream of the "wall" can continue to 
advance valid data even to circuitry connected to the 
Pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
Pipeline stages temporarily cannot accept new data, other 
stages can continue to operate normally. m particular, the 
Pipeline can continue to accept data into its initial stage 
A as long as stage A does not already contain valid data that 
cannot be advanced due to the next stage not being ready to 
accept new data. As this example illustrates, data can be 
transferred into the pipeline and between stages even when 
one or more processing stages is blocked. 

In the embodiment shown in Fig. 1( it is assumed that fche 
various pipeline stages do not store the ACCEPT signals they 
recede from their immediately following neighbors. Instead 
whenever the ACCEPT signal into a downstream stage goes 
this LOW signal is propagated upstream as far as the nearest 
Pipeline stage that does not contain valid data. F or 
example, referring to Fig. lf it was assumed tnat tne ACC£pT 
signal into Stage F goes LOW in Cycle l. m Cycle 2, the LOW 
signal propagates from Stage F back to Stage D. 

In cycle 3, when the data D3 is latched into Stage D, the 
ACCEPT signal propagates- upstream four stages to Stage C 
*nen the ACCEPT signal into Stage F goes HIGH in Cycle 4, it 
-ust propagate upstream all the way to Stage C. In other 
words, the change in the ACCEPT signal must propagate back 
four stages, it is not necessary, however, in the embodiment 
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illustrated in Fig. lf for the ACC£pT signal to prQpagate a 
the way back to the beginning of the pipeline if there is 
SMfi inte ™ ed ^e «tage that is able to accept new data 

in the embodiment illustrated in Fig. i, eacn pipe , ine 
stage will still need separate input and output data latches 
to allow data to be transferred between stages without 
unintended overwriting. Ala0f although tne pipeline 

illustrated in Fig. i is abie to .. compress „ wnen downstrean 
pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to provide 
stages that contain no valid data between stages that do 
□ C ° ntain VaUd data - Rather < the ability to compress depends 

1 ° n therS bSing CyCles durin * w "i=n no valid data is presented 

«J to the first pipeline stage. 

| 15 In Cycle 4 ' example, if the ACCEPT signal into Staae 

rj remained LOW and valid data filled pipeline stages A and 3 

Q as long as valid data continued to be presented to stage I 

L the pipeline would not be able to compress any further and 

fa „ ^ ^ lnpUt data COuld b * lo.t. Nonetheless, the pipeline 

t= " illuStr " ated i" Fig. 1 reduces the risk of data loss since < t 

Q X * t0 Com P" ss " long as there is a pipeline stage that 

q does not contain valid data. 

Fig. 2 illustrates another embodiment of the pipeline ~ha~ 
can both compress and expand in a logical manner and wh^ch 

« includes circuitry that limits propagation of the acc-?t 
signal to the nearest preceding stage. Although th- 
circuitry for implementing this embodiment is explained and 
illustrated in greater detail below, Fig. 2 serves to 
illustrate the principle by which it operates. 

30 For ease of comparison only, the input data and ACCEPT 

signals into the pipeline embodiment shown in Fig. 2 are the 
same as in the pipeline embodiment shown in Fig. :. 
Accordingly, stages E , D and B contain valid data Dl, DZ a.-.= 
D2, respectively. The ACCEPT signal into Stage F is LCW; 
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data D4 is presented to the beginning pipeline Stage A m 
ng. 2 three lines are shown connecting each neighboring 
pair of pipeline stages. The uppermost line, which may be a 
ous, is a data line. The middle line is the line over which 
the VALID signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also as 
before, the ACCEPT signal into Stage F remains LOW except in 
Cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

In Fig. 2, each pipeline stage is represented as a block 
divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2, the primary data storage 
is shown as the right half of each stage. However, it will 
be appreciated that this delineation is for the purpose of 
illustration only and is not intended as a limitation. 

As Fig. 2 illustrates, as long as the ACCEPT signal into 
a stage is HIGH, data is transferred from the primary storage 
elements of the stage to the secondary storage elements of 
tne following stage during any given cycle. Accordingly 
although the ACCEPT signal into Stage F is LOW , the ACCEPT 
signal into all other stages is HIGH so that the data Dl D2 
and D3 is shifted forward one stage in Cycle 2 and the data 
04 is shifted into the first Stage A. 

Up to this point, the pipeline embodiment shown in Fig 2 
acts m a manner similar to the pipeline embodiment shown in 
Fig. 1. The ACCEPT signal from Stage F into Stage E 
however, is HIGH even though the ACCEPT signal into Stage F 
is LOW. as is explained below, because of the secondary 
storage elements, it is hot necessary for the LOW ACCEPT 
signal to propagate upstream beyond Stage F. Moreover, by 
weaving the ACCEPT signal into Stage E HIGH, Stage F signals 
wnac it is ready to accept new data. since Stage F is net 
aole to transfer the data Dl in its primary storage elements 
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downstream ( the ACCEPT signal into Stage F is LOW) in Cycle 
3, Stage E must, therefore, transfer the data 02 into the 
secondary storage elements of Stage F . since both the 
_ primary and the secondary storage elements of Stage F now 
o ccnta.n valid data that cannot be passed on, the ACCEPT 
signal from Stage F into Stage E is set LOW . Accordingly 
this represents a propagation of the LOW ACCEPT signal back 
only one stage relative to Cycle 2, whereas this ACCEPT 
signal had to be propagated back all the way to Stage c in 
10 the embodiment shown in Fig. i. 

Since Stages A-E are able to pass on their data, the 
ACCEPT signals from the stages into their immediately 
preceding neighbors are set HIGH. Consequently, the data D3 
and D4 are shifted one stage to the right so that, in Cycle 
1= 4, they are loaded into the primary data storage elements of 
Stage E and Stage C, respectively. Although Stage c now 
contains valxd data D3 in its primary storage elements, its 
secondary storage elements can still be used to store other 
data without risk of overwriting any valid data. 
- Assume now, as before, that the ACCEPT signal into Stage 

F becomes HIGH in Cycle 4. This indicates tnat thg 
downstream device to which the pipeline passes data is ready 
to accept data from the pipeline. stage F , however, has set 
its ACCEPT signal LOW and, thus, indicates to Stage E that 
2=> Stage F is not prepared to accept new data, observe that the 
ACCEPT signals for each cycle indicate what will "happen" in 
the next cycle, that is, whether data will be passed on 
(ACCEPT HIGH) or whether data must remain in place (ACCEPT 
LOW). Therefore, from Cycle 4 to Cycle 5, the data Dl 
- passed- from Stage F to the following device, the data D2 is 
snifted from secondary to primary storage in Stage F, but the 
oata D2 in Stage E is not transferred to Stage F . The data 
D- and 05 can be transferred into the following pipeline 
stages as normal since the following stages have their ACCEPT 
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signals HIGH. 

_ Conning the state of the pipeline in Cycie 4 

o. it can be seen that the provision of secondary storage 

events, enables the pipeline embodiment shown in r ig 2 * 0 

:::r d : hat is - to ^ ^ — — ^ . 1M . nt . int : which 

lata bl ^ adV3nCed - SXamPle ' in «. the 

data blocks .01, D2 and D3 form a "solid wall" since their 

data cannot be transferred until the ACCEPT signal into Stage 
F goes HIGH. Once this signal does becozne HIGH, however 
data Dl is shifted out of the pipeline, data D2 is shifted 
into the primary storage elements of stage F, and the 
secondary storage elements of Stage F become free to accept 
new data if the following device is not able to receive > 
data D2 and the pipeline must once again "compress." This is 
shown in cycle 6, for which the data D3 has been shifted into 
the secondary storage elements of stage F and the data D, has 
been passed on from stage D to Stage E as normal 

Figs. 3a(l,, 3 a(2,, 3b(l, and 3b(2, (which are referred to 
collectively as Fig. 3) illustrate generally a preferred 
embodiment of the pipeline. This preferred embodiment 
impl.rn.nt. the structure shown in Fig. 2 using . two . pnase 
non-overlapping clock with phases oO and ol . Although a t „ 0 l 
Phase clock is preferred, it will be appreciated that it is 
also possible to drive the various embodiments of Cne 
invention using a clock with more than two phases 

As shown in Fig. 3, each pipeline stage is represented as 
having two separate boxes which illustrate the primarv and 
secondary storage elements. Also, although the VALID s'ior.al 
and the data lines connect the various pipeline stages as 
oefore, for ease of illustration, only the ACCEPT signal is 
snovn m Fig. 3. A change of state during a clock phase e * 
certain of the ACCEPT signals is indicated in Fig. 3 using an 
upwars-pointing arrow for changes from LOW to HIGH. 
3i '" : " ar:/ ' a dovnwa rd-pointing arrow for changes from HIGH :: 
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Transfer of data fro, one storage element to another is 

•ALIO signal out of the primary or secondary storage events 
Of any , lv . n stage is HIGH whenever the storage e e"en-s 
contain valid data. elements 

In Fig. 3, each cycle is shown as consisting of a full 
period of the non-overlappin, clock phases O o and ol. As " 
explained in greater detail below, data is transferred fron 
the secondary storage events (shown as the left oox in each 
stage, to the primary storage elements (shown as the right 
box ln each stage, during docx cycle 01 . whereas 
transferred from the primary storage events of one stage lo 
the secondary storage elements of the following stage during 
a d Fiq - 3 alS ° «•« th! primary 

onnect T ^ ele " entS ^ ~ eh ^ fu « h " 

connected via an eternal acceptance !i„e to pass an accept 

signal ln the same manner that the ACCEPT signal is pass'ed 
I"" ""V C ° ""«- In Chi = -y. the secondary storao- 

s ::::: "i kno "' uh,n ic can pa - its da " « «>• 

storage element. 2 

Fig. 3 shows the ol phase of Cycle 1, in which data Dl D2 
and 03, which were pre VioUsly shifted intQ the 

; :;; g ; elements of s — *• ° b. res P e= tlvely , i:r 

staoe St ° rage 6lementS ° f r..p.ctiv. 

f thS 01 ^ °* Cycle !. the pipeline , 

therefore, assumes the same configuration as is shown as 
Cycle 1 of Fig. 2 . As beforS( tne ACCEpT 

15 aSSUmed t0 be LOW - ^ Fig. 3 illustrates, however, this 
neans that the ACCEPT signal into the primary storage element 
of Stage F is LOW, but since tnis storage ^ ^ 

contain valid data, it sets the ACCEPT signal into its 
secondary storage element HIGH. 

The ACCEPT signal from the secondary storage elements =- 
Stage F into the primary storage elements of Stage E is aisc 



38 



set HIGH since the secondary storage elements of stage F do 
not contain valid data. As before. since ^ ' 
elements of stage F are able to accept data, data in ail Z 

TllT* PrimarX SeC °" da ^ «°«*. elements can be 

shifted downstream without any valid data being overwritten 

dur ln g the next 0 0 phase in cycle 2. For eM . ple , t „. 
data Dl contained in the primary storage element of stage z 
is shifted into the secondary storage element of stage F the 
data 04 is shifted into the pipeline, that is , lnto ' 
secondary storage element of stage A , and so forth 

The primary storage element of stage F still does not 
contain valid data during the „o phase in Cycle 2 and 
t erefore the ACCEPT signal from the primary storage 
elements ln to the secondary storage elements of stage F 
remains HICH. Du ring the „ phase in Cycle 2, data can 
therefore be shifted yet another step to the right. . = 
■rom .„e secondary to the primary storage elements v lal' n 
each stage. 

However, once valid data is loaded into the prina . v 

6lementS ° f StagS F ' lf the ACC ^ into Stage f fr0 n 
.he downstream device is still Low, it is not possible to 

shift data out of the secondary storage element of stage * 
without overwriting and destroying the valid data Dl The 
ACCEPT signal from the primary storage elements into t^ 
secondary storage elements of stage r therefore goes lo^ 
Data D2, however, can still be shifted into the secondary 
storage of stage F since it did not contain valid data and 
its ACCEPT signal out was HIGH. 

. During the oi phase- of Cycle 3, it is not possible ~ 
sr.irt cata D2 into the primary storage elements of Stage r 
although data can be shifted within all the previous staa-c 
Once valxd data is loaded into the secondary storage e'erer.-* 
of Stage F, however, Stage F is not able to pass on = 
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LOW. 
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It signals this event setting Acc£pT s . gnai 

Assuming that th^ Amm-n ~ ■ , 

P tream of stage F can continue to be shifted h.,-, 
stages ana within stages on the respective doc* se S Z n 
the next valid data biocK D3 caches the primary storage 

r alTd E ' ^ condition s 

reached during the ol phase of cycle 4. 

During the oO phase of Cycle 5 data m hac w 
into 3 has been loaded 

mtc .he primary storage element of stage E. since this data 
cannot he shifted furt her. the ACCEPT signa! out of the 
pnmary storage elements of stage E is set LO». Upstream 
data can be shifted as normal. "Pstream 
| Assume new, as in cycle 5 of Fig. 2, that the device 

J - connected downstream of the pipeline is able to accept 

;■ i ine i„:: ta -. ?. si9nais ^ — » — ACC 
3 c.; c : The p e stage F high durin9 the 01 «*— °< 

'■ , Jata T t h % h Prlnary «1— "t. of stage r can now 

S „ data „ rl9 " "* a " als ° abl * « accept -w 

- -ta. Hence, the data D1 was shifted out during the oi phase 

' ' " Pri ^ ry -X— «. of Stage F no 

longer contain data that must be saved. Ourin, the oi phase 

rjo. he e ri da " ° 21S - t """"«' -ithin stage 

25 len LI T S h e ;° ndary d S ""^ -l-nt. to the primary storage 
elements. The secondary storage elements of stage F are also 
able o accept new data and signal this by sett.ng the ACCEPT 
Signal ln to the primary storage elements of stage £ HIGH 
During transfer of data within a stage, that is from its 
_ secondary to its primary storage elements, both sets o-' 
storage elements will contain the same data, but the data <r 
; M secondary storage elements can be overwritten with no 
~ata loss since this data will also be held in the primary 
storage elements. The same holds true for data transfer fr==, 
-he primary storage elements of one stage into the secondarv 



40 



storage elements of a subsequent stage 

Assume no,, that the ACCEPT signa! into th . primary 

c>cle This means that stage F is not a bl e to transfer fh 

= data D2 out of the pipeline st ao . r transfer the 

ACCEPT , im „ , P^ilne. stage F. consequently, sets the 
ACCEPT signal from its primary to its secondary storage 

T e d" D3 °" " PrSVent « -e validate " 

The data 0 2 stored in the secondary storage elements of stage 

10 [I T' V V ° Ver " riC "" " ith °« 1--. -nd the data 

Stage 7d «" ^ondary "orage elements 

can k , 9 °° PhaSS ° f Cy=le 6 ' 04 °* 

can oe shifted downstream as normal. Once valid data 03 is 

Sign " ' al °" 9 " ith ° 2 ' " « "e ACCEPT 

signal into the primary storage elements of stage F is LOW 

" ZT" d° f Se " ndary «n accept nel 

St.". E LOW S19na " ^ S " tin9 ^ — 1 

When the ACCEPT signal . nto 

do.nstream device changes from LOW to „ 10 „ or vice versa 
.0 .his change does not have to propagate upstream within 

Pipeline further than to the immediately preceding storage" 
elements (within the same stage or within the preceding 

" p : n n v ta9e ' v Rather - this =hange 

As this example illustrates, the concept of a "stage" in 
the pipeline structure illustrated in Fig. 3 is to sone 
extent a natter of perception. since data is transferred 
vithi.n a stage (from the secondary to the primary storage 

= .e...c=rtts} as it is between staap? 

_ en stages drom the primary storage 

e.c.e.nts of the upstream staqe into thn 

y inco the secondary storage 

6n " ° f thS nei ^ bo ^ng downstream stage) , one could 3 ust ' 
as veil consider a stage to consist of "primary storage 
events followed by "secondary storage elements" instead ct 
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as illustrated in Fia 3 tk« ~ 

9 " The conc ept of "primary" and 

o s T- e ei ™ is - ■»•«/ - *».«^ 

also be «f - ' " Prl -^" "«•*• .1 — nt. can 

°r , " " "° UtPUC " St °" 9e -l — nt.. since they 

are the elements from which daCa ls transferred ^ 

stage lnto a following stage or device, and the ..secondary! 
storage elements could be ..input" storage elements for the 

same stage. e 

in plaining the aforementioned embodiments, as shown in 

ACCEPT and VALID signals has been mentioned. it is to be 
further understood that each pipeline stage may also process 
^ta lt has received arbitrarily before passing 

2 Til"" internal stora9e elements or bef °~ '<= ««> 

the follows, pl peline stage. Therefore, referring once 

" ri9 ' 3 «n. before, be definld 

as the po tlon of th . pipeUne conta . ns ^ 

storage elements and that arbitrarily processes data stored 

-n its storage elements. 

Furthermore, the ..device" downstream from the pipeline 

S.age r. need not be some other type of hardware structure 
bu- rather it can be another section of the same or part of 
another pipeline. As illustrated below, a pipeline stage can 
set its ACCEPT signal LOW not only when aU of the downstrea" 
storage elements are filled with valid data, but also w e \ 
s.age requires more than one clock phase to finish processing 
its data. This also can occur when it creates valid data n 
one or both of its storage elements. In other words, it is 
not necessary for a stage simply to pass on the ACCEPT signa! 
based on whether or not the immediately downstream storage 

COn " inS VaUd da " —not ■» passed =n. 

■vather, the ACCEPT signal itself may also be altered with n 
-ns stage or. by circuitry external to the stage, in order 
control the passage of data between adjacent storace 
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elements. The VALID signal may also h« 
analogous manner. pr ° Cessed in an 

A great advantage of the two-wire interface (one wire for 
each of the VALID and ACCEPT , inna , , • 

co„«oi th . P1P . lin . wlth " t E " "r^o! r abmty c ° 

stage. Referring once aqai „ to ay " ^mnin, 

although stage F -.eUs- staae E th , example, 
. . „ y 11S sta ge tna t it cannot acce P t data 

and stage e tells stage d, and stage D tells stage c 

Tel t'h th " e ^ ^ S " 9eS fining valid data' 

then this sl ,nal would have propagated bacK even further 
• ion, , the pipeline, m the embodiment shown in rig. , 
3. the LOW ACCEPT signal is „ot propagated any urther 
upstream than to stage E and i-h = „ , tl,er 

storage elements. ""^ t0 Us '^""V 

-his S f , deSC K ri , bed belOU ' e " bodi -« - able to achieve 

; :; ibility with ° ut ^ to tne , il!eM 

area h « ls „ quired „ implenent ^ Typical , y 

a""- ^i PiPelinS £ ~ ""-ge'egu s 

only . single extra transistor (which lays out ve-v 
efficiently in silicon) . Inaddifi™ . 

.,-„,,„_ addition, two extra latches and 

a s...all number of gates are preferablv .Hrf.rf , 
ACCEPT * n rf u.rro preierably added to process the 

ACCEPT and VALID signals that are associated with the data 
latches in each half-stage. 

stagers' si 11 """" 5 3 S " UCtUre *-Pl— a 

stage as shown in Fig. 3. 

By way of example only, it is assumed that eight-bit data 
t0 ^ transfe rred (with or without further manipulation in 
optional combinatorial logic circuits) in parallel throuah 
'■ Pipeline - However, -it win be appreciated that either' 
ere cr less than eight-bit data can be used in practice 
bM inVention - furthermore, the two-wire interface in 
occoraance with this embodiment is, however, suitable for use 
-th any data bus width, and the data bus width nav ever. 
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change from one stage to the next if a particular application 
so requires. The interface in accordance with this 

embodiment can also be used to process analog signals 

As discussed previously, while other conventional timing 
arrangements may be used, the interface is preferably 
controlled by a two-phase, non-overlapping clock, m Pigs 
4-9, these clock phase signals are referred to as PHO and 
PHI. in Fig. 4, a line is shown for each clock phase signal 

input data enters a pipeline stage over a multi-bit data 
bus I.\'_DATA and is transferred to a following pipeline stage 
or to subsequent receiving circuitry over an output data bus 
OUT_OATA. The input data is first loaded in a manner 
described below into a series of input latches (one for each 
-put data signal) collectively referred to as LOIN, which 
constitute the secondary storage elements described above 

in the illustrated example of this embodiment, it is 
assumed that the Q outputs of all latches follow their D 
input., that is, they are "loaded", when the clock input is 
HIGH. i.e., at a logic »1" l eve i. Additionally, the Q 
outputs hold their last values. m other words, the Q 
outputs are "latched" on the falling edge of their respective 
clock signals. Each latch has for its clock either one of 
two non-overlapping clock signals PHO or PHI (as shown in 
Fig- :». or the logical AND combination of one of these clock 
signals PHO, PHI and one logic signal. The invention works 
equally well, however, by providing latches that latch on the 
rising edges of the clock signals, or any other known 
etching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations 

The output data from the input data latch LOIN passes via 
an arbitrary and optional combinatorial logic circuit si. 
vhich nay be provided to convert output data from input latch 
LSIN into intermediate data, which is then later loaded ir. an 
output data latch LDOUT. which comprises the primary stcrace 
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elements described above. The output from thg 
latch LDOUT nay similarly pass through an arbitrary and 
optxonal combinatorial logic circuit B2 before being passed 
onward as OUT_DATA to the next device downstream. This may 
be another pipeline stage or any other device connected to 
the pipeline. 

in the practice of the present invention, each stage of 
the pxpeline also includes a validation input latch lvin a 
valuation output latch LVOUT, an acceptance input latch 
LAIN, and an acceptance output latch LAOUT. Each of these 
four latches is, preferably, a simple, single-stage latch 
The outputs from latches LVIN, LVOUT , LAIN and LAOUT are 
respectively, QVIN, QVOUT, QAIN , QAOUT . The output signal 
QVIN from the validation input latch is connected either 
directly as an input to the validation output latch LVOUT or 
via intermediate logic devices or circuits that may alter 'the 
signal . 

Similarly, the output validation signal QVOUT of a given 
stage may be connected either directly to the input of the 
validation input latch QVIN of the following stage, or via 
intermediate devices or logic circuits, which may alter the 
validation signal. This output QVIN is also connected to a 
logic gate (to be described below) , whose output is connected 
to the input of the acceptance input latch LAIN . The output 
QAOUT from the acceptance output latch LAOUT is connected to 
a similar logic gate (described below,, optionally via 
another logic gate. 

As shown in Fig. 4, the output validation signal QVOUT 
forms an 0UT_ VALID signa that can be received by subsequent 
stages as an IN_ VALID signal, or simply to indicate valid 
aata to subsequent circuity connected to the pipeline. The 
readiness of the following circuit or stage to accept data is 
indicated to each stage as the signal OUT_ACCEPT, which is 
connected as the input to the acceptance output latch LAOUT. 
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preferably via logic circuitry. which i. described below 
LAOUT is connected as the input „ the accepu „ ce 
below. ^ ^ VU 10glC CirCUi " y ' ^--i' scribed 

m practicing the present invention, the output signals 
OVIN. QVOUT f ro. the validation latches LV IN , LV CUT a e 
combined with the acceptance signals QAOUT, out accept 
respectively, to form the inputs to the acceptance "latches 
LAIN, LAOUT, respectively. In the embodiment illustrated in 

'": /' th6Se inpUt Si9nals are f °™ed as the logical NAND 

o combination of the respective validation signals qvi„, QV0UT 

g «th the logical inverse of the respective acceptance output 

yi signals QAOUT, OUT ACCEPT rv»«w«~* • •. , 

W 15 and MiM n, -t_ACCEPT . Conventional logic gates, NAND1 

la and NAND2 , perform the NAND operation and tho • ■ «. 

rr t»., m TM ,,„ , H atlon ' and tf ie inverters 

J INV2 f ° rm the lo ^ ic ^ -verses of the respective 

g acceptance signals. 

. As is well Known in the art of digital design, the output 

g ,rom a NAND gate is a logica! when any or all of Tts 

^ 2- input Signals are in the logical »o» state. The output from 

■U a NAN'D gate is, therefore, a logical -o- only when all of 

g inputs are in the logical "l" state. Also well Known in the 

art, is that the output of a digital inverter such as invi is 
_ a logical -i- „ he n its input signal is a and is a -o- 

*o when its input signal is a "i» 

The inputs to the NAND gate NANDl are, therefore, QVIN and 
' (QA ° UT) ' WhS " i"-ic.t„ binary inversion. Using 

known techniques, the input to the acceptance latch LAIN can 
be resolved as follows: 
20 N'AND ( QVIN , NOT ( QAOUT) J = NOT(QVIN) OR QAOUT 

in ether words, the combination of the inverter INVi and 
th. NAND gate NANDl is a logical » 1 » either when the signal ■ 
QV1 " iS 3 "°" ° r the Si ^ nal QA°"T is a or both . The 

gate NANDl and the inverter INVi can, therefore fc- 
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implemented by a single 0R gate t „. t ^ 

LAOLT and lt . other input tied CQ inverse h 

Signal qvin of the validation inpVit latch LVJN ""P"* 

' AS " ™" in the art of di g it al d esi,n. many 

atches suitable for use as the vacation and acceptance 
latches may have two outputs. Q an d N0T (Q) , that is. Q and 
its logical inverse. if such latches are chQse ; « 
input to the OR gate can. therefore, be ti.d oirectlv to 

10 :zz — « - — - iatch LVIN . ;;:v«v™ D h 

colent ln 7 rter ^ iBPlemen " d USi "' ™» *nown 

con t al te chni q ues. Depepding op iatch , 

used, however, it may he more efficient to use a latch 

1- ; " ^ lnVerCin9 ° Ut » Ut - «- to provide instead the gate 
J 1- NAND1 an d the inverter INV1. bo th of which aiso can be 

£ a'nv 6EtiCiently in * device. 

any Known arrangement nay be used to generate the Q signal 
ana/or its logical inverse. 

L«X.T load the.r respective data inputs when both clock 
signals ,p„, at the input side and P H1 at the output side 
and the output from the acceptance latch of the sane side are 
ogical "i". Thus , t „. =lock signai (pHo «• 

latches LOIN and LV IN, and the output of the respect^ 

A r P " nCe la " h "™> ^ a Lgical 

AND nanner and data is loaded only when they are both logical 

- the Par ! i ! Ular ^P"=«io„s, such as COS implementations 
~ the latches, the logical AND operation that controls the 
-•- jading ,via the illustrated CK or enabling "input", of tr = 
-atcnes can be implenented easily in a conventional manne- =. 
ccnnecting the respective enabling input siQnals 
example, PHO and QAIN for the latches LVIN and LDIK) . to the 
gates of «os transistors connected in series in the inou- 
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lines of the latches. Consequently, is necessary to provide 
an actual logic AND gate, which might cause problems of 
timing due to propagation delay in high-speed applications. 
_ The AND gate shown in the figures, therefore, only indicates 
= the logical function to be performed in generating the enable 
signals of the various latches. 

Thus, the data latch LDIN loads input data only when PHO 

and QAIN are both "l". it will ] a trh *h,-~ ^ *. 

it win latch this data when either 

of these two signals goes to a "0". 
10 Although only one of the clock phase signals PHO or PHI 

is used to clock the data and validation latches at the input 
(and output) sxde of the pipeline stage, the other clock 
Phase signal is used, directly, to clock the acceptance latch 
_ at the same side. m other words, the acceptance latch on 
- e.ther side (input or output) of a pipeline stage is 
preferably clocked "out of phase" with the data and 
validation latches on the same side. For example, PHI is 
used to clock the acceptance input latch, although PHO is 
used in generating the clock signal CK for the data latch 
*0 LDIN and the validation latch LVIN. 

As an example of the operation of a pipeline augmented by 
the two-wire validation and acceptance circuitry assume that 
no valid data is initially presented at the input to the 
; circuit, either from a preceding pipeline stage, or from a 
23 tranSmiSSi ° n device ' In °ther words, assume that the 
validation input signal IN_VALID to the illustrated stage has 
not gone to a »i« since the system was most recently reset 
Assume further that several clock cycles have taken place 
since the system was last reset and, accordingly, the 
^ circuitry has reached a steady-state condition. The 
validation input signal QVIN from the validation latch LVi:; 
is. therefore, loaded as a "0" during the next positive 
period of the clock PHO. The input to the acceptance i.-.pur 
latch LAIN fvia the gate .MAND1 or another equivalent ga^e;. 



48 



is, therefore, loaded as 

per iod „ f th . eloek signal PH1 . ToZ:*™:\r lt T 

data in the data input J ™ -inc. the 

not hold any data worth saving,. ' " " d °" 

In this example, note that the signal IN accept ,-. 

;;r ie ch : — - »u«,. ti „ n latches LDIN - a„d jv! 1 ;; 5 ; „:: 

the signal IN_ACCEPT at this ti„e is a ni „ th .„ , 

-hatever data is on the IN_OATA bus simply ls loaded 

d ta latch LDIN as soon as the clocK signa! PHO goes to a 

1 • Of course, this invalid data will also ho i \ „ • 
- next data latch LDOUT o f the tol ^ ' p , ^ ^ 
lo„, as the output QAOUT f ro m its acceptance u^i "'-V* 

data""' " V"" " * ^ v.l« 

data. lt accepts or "loads., any data presented to it durino 
the next positive period of its respective clocK signal n 

; ; such invaud data is n « ^ 

output sinnai ^™ , . Furthe ^ore, the 

valLation 3 Valldatl ° n ^ (which forms the 

lldatl ° n ^ S1 ^ nal to subsequent validation latcM 

remains a "0" as tonn a = <-k on -latch) 

as long as the corresponding in VALID (or o u t»m 
signal to the validation latch is low " ° 

When the input data to a data latch is valid th 
va-dation signal l N _v ALID indicates this by rimL ^ ^ 

L a ron'tr 6 C ° rreSPOndin9 — h then rises 

oh... riSin9 ° f itS respective cloc 

Phase sxgnal. Per example, the validation input signal Q" T '' 
c-. .atch LVIN rises to a »i« when its corresponding IN vz-- 3 
s^nal goes high (that is, rises to a on the next r", s --~ 

5096 of the dock phase signal PHO. 

Assume now, instead, that the data input latch — ; 
contams valid data, if the dat a output latch LDOUT is rea = y 
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"I' ' C Tn\r "9n.l OAOOT win b e . 

its input. This will occur before the next 
rising edge of the other clock signal p «"•"•« 

5MlS *" ™r lapping . At the next rising e „ e of H0 
the precea.no data Xatch ( u»IH, win. therefore, not late "n 
" di " f "" «» P««-in9 stage until the data output 

^ has safeiy — - *«. -i 

Accordingly, the seme sequence is followed by every 

ITZI " l3tCheS ( " ithi " * « between 

ad cent stages, that are able to accept data, since they 

U1 ; e •>..«, on alternate phases of the cloc* 

~ny data latch that is not ready to accept new data hecause 
it contains vaiid data that cannot yet be passed, win have 
an output acceptance signal (the QA output fron ... 

:r i .he out P ut ^\-:-r---T-z 

...9. or side (input or output, of a stage is low its 
corresponding data latch win not be loaded ' ltS 

Fig. < also shows a reset feature included in a preferred 
embodiment, m the illustrated example, a rej. "/'J 
NOTRESETO is connected to ,„ • signal 

to an inverting reset input R 
(inversion is hereby indicated by a small circle, as is 
conventional, of the vacation output latch ivout. As is 
-ell known, this means that the validation latch LVOL'T win 
=e .creed to output a ■■<,•■ whenever the reset signal NOTRESETO 
=eco,es a "0". One advantage of resetting the latch when the 
reset signal goes low (becomes a "0", is that a break in 



transmission will reset the latches 



tnei: 



that a break 
They will then be :r, 



or reset state whenever a valid transnissio 
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begins and the res^f <=i~«=.i 

reset signal goes HIGH. The reset cinn al 

NOTRESET0. therefore, operates as . .. otl ^^ 

Mote that it is not necessary to reset all of the latent 
that hold valid data in the pipeline. As depicted^ r 
the valuation input latch LVIN is not directiy reset by the 
reset signal NOTRESET0 , hut rather is reset indirectly 
Assume that the reset signal NOTRESET0 drops to a »o» 



10 validation output signal QVOUT also drops to 



The 

regardiess of its previous state, whereupon the input to the 
acceptance output latch LAOUT (via the gate NAND1 ) goes H T GH 
The acceptance output signal 0AOUT also rises to a »i» This 
QAOUT value of *• l " ic i-k«„ - 

1 13 thSn transferred as a "1" to the input 
of the acceptance input latch LAIN regardless of the state of 
; 7 Udation inP«t signal qvin. The acceptance in P u. 

I" 3 Q : iN . thSn riS6S t0 a " 1 " at th. next rising edge of" 
^e clock Si gnal PH1 . Assuming th . t ^ 

M has been correctly reset to a "0», then upon the 
subsequent rising edge of the clock signal PH0 , the output 
fro. , he validation latch LV IN will become . „ as 
have done if it had been reset directly. 

As this example illustrate i + ; - •, 

ates ' xt is only necessary to reset 
he vacation latch in only one side of each stage 



C including the final stage) ln order to reset all validatL" 
latches. m fact , in many applicat ions ^ _ t ^ 

necessary to reset every other validation latch: if zh l 
reset signal NOTRESET0 can be guaranteed to be low during" 
nore than one complete cycle of both phases PHO, phi of the 
c.ock, then the "automatic reset" (a backwards propagation o^ 
reset signal) will occur for validation latches - n 
preceding pipeline stages. indeed, if the reset signal \ 
!! 1 ,° W f ° r at least as »-ny full cycles of both phases of 
-he cock as there are pipeline stages, it will only ce 
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necessary to direct reset the v alidation output latc „ lp 

tne final pipeline stage. 

Figs. 5a and 5b (referred to collectively as Fig 5 , 
illustrate a timing diagram showing the relationship between 
the non-overlapping clock signals PHO, PHI, the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the two illustrated sides of a pipeline 
stage configured in the embodiment shown in Fig. 4. m the 
example illustrated in the timing diagram of Fig. 5 it has 
been assumed that the outputs from the data latches LDIN 
LDOUT are passed without further manipulation by intervening 
logic blocks Bl, B2. This is by way of example and not 
necessarily by way of limitation. it is to be understood 
that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages, or 
between the input and output sides of a single pipeline 
stage. The actual illustrated values for the input data (for 
example the HEX data words "aa" or "04") are also merely 
illustrative. As is mentioned above, the input data bus nay 
have any width (and may even be analog), as long as the data 
latches or other storage devices are able to accommodate and 
xatch or store each bit or value of the input word. 

Preferred Data structure - "toiron.M 

in the sample application shown in Fig. 4, each stage 
processes all input data, since there is no control circuits 
that excludes any stage from allowing input data to pass 
through its combinatorial logic block Bl, B2 , and so forth 
-o. provide greater flexibility, the present invention 
incudes a data structure in which "tokens" are used -o 
distribute data and control information throughout the 
system. Each token consists of a series of binary 



separated into one or more blocks of token 



bits 
eras . 
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• av of ' D '' " " •"•"•*■» bit (E). Assume by 

hat dat 3nd ' n '"—'"y * way of limitation 

that data ls transferred as words over an s-bit bus „ itn . t l 

:v r r ns f on bit iine - An exampie ot * «o,.„ i.. 

in order of transmission: 
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Note that the extension bit E is used as an addition 
preferably, co each data word. ln addition, the address 

s af er th ^ "ansmitted 

just af.er the extension bit of the first word 

Tokens. therefore. consist of one or more words „- 
bihary, digital data in the present invention. Each of' 
.hese words is transferred in sequence and preferably .„ 
paral el. although this method of transfer is not necessary 
serial data transfer is also possible using k nown technique .' 
For example. m a video parser, control information i. 
transmitted in parallel. whereas data is transited 

the^V"" 016 illUS ""«- has. preferably at 

the start, an address field (the string of A-bits, t h at 

dentins the type of data that is contained in the to*en 
In most applications, a single word or portion of a word -s 
suf.icient to transfer the entire address field, but this <s 
not necessary in accordance wi th the invention, so lono as 
•° ? ' C Clr =""^ " included in the corresponding pipeline 
"ages -.hat is able to store some representation of partial 

address fields lonq enouah * nr - -u. 

«y enougn t or the stages to receive ar.d 

aecode the entire address field. 
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Note that no dedicated wires or registers are required to 
transit the address field, it is transmitted using the data 

s c ed d S iS . e / Plained bel ° W ' * PiP-lin. stage win not be 
slo.ed down lf lt is not intended to be activated by the 
particular address field, i.e., the stage will be able to 
pass along the token without delay. 

The remainder of the data in the token following the 
address field is not constrained by the use of tokens. These 
D-data bits may take on any values and the meaning attached 
to these bits i, of no importance here. That is, the meaning 
of the data can vary, for example, depending upon where the 
data ls positioned within the system at a particular point in 
time. The number of data bits D appended after the address 
fxeld can be as long or as short as required, and the number 
of data words in different tokens may vary greatly. The 
address field and extension bit are used to convey control 
signals to the pipeline stages. Because the number of words 
m the data field (the string of D bits, can be arbitrary as 
can be the information conveyed in the data field can also 
vary accordingly. The explanation below is, therefore 
directed to the use of the address and extension bits 

in the present invention, tokens are a particularly useful 
data structure when a number of blocks of circuitry are 
connected together in a relatively simple configuration. The 
simplest configuration is a pipeline of processing - steps 
For example, in the one shown in Fig. !. The use of tokos' 
however, is not restricted to use on a pipeline structure ' 
Assume once again that each box represents a complex 
Pipeline stage. m the pipeline of Fig. lt daZa flows 



'eft- 



> right in the diagram. Data enters the machine a-.d 
passes into processing stage A. This may or may not r.odifv 
the aata and it then passes the data to stage 3. T^.e 
-edification, if any, may be arbitrarily complicated and. ..- 
general, there win not be the same number of data = s 
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in " any mZ «" as fl °" st ag e B Edifies the 

«.« again , nd passes ic onto stage c _ 

scne.e sue* ,s tnis, it is impossible for data to 1 
opposite dl rection. so tn.t, for example . stage e cannot - 

data to St . g . A . This restriction is often perfectly 
acceptable. H ecc1 ^ 

On the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage C even though there 
is no direct connection between the two blocks. stage A and 
C communication is only via Stage B. One advantage C f the 
tokens is their ability to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 
block . 

According to this example, an extension bit is transmitted 
along with the address and data fields in each token so tha^ 
a processing stage can pass on a token (which can be of" 
arbitrary length) without having to decode its address at 
A ' Accordi "9 to this example, any token in which the 

e ord nS H 0n H blt 15 HIGH ^ 15 f ° ll0Wed b * * -bseguent 

-ore which is part of the same token. This word also has an 

extension bit, which indicates whether there is a further 

token word in the token. When a stage encounters a token 

word whose extension bit is LOW (a «o», , it is known to be 

the last word of the token. The next word is i-h»„ 

Atlc " e *t wora is then assumed to 
be the first word of a new token. 

Note that although the simple pipeline of processina 
stages is particularly useful, it will be appreciated that' 
tokens may be applied to more complicated configurations of 
processing elements. An example of a more complicated 
processing element is described below. 

-t is not necessary, in accordance with the present 
invention, to use the state of the extension bit to signal 
the last word of a given token by giving it an extension bit 
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set to "0". one 



altSrnatiVe t0 thS P refe ^ed scheme is to 
move the extension bit so that it indicates the first word of 
a token instead of the last. This can be accomplished 
_ appropriate changes in the decoding hardware 

» The advantage of using the extension bit of the present 

nvention to signal the last word in a token rather th t h e 
f-st is that it is often useful to modify the 
a block of circuitry depending upon whether or not a token 
has extens.on bits. 

10 ::; v d ates * ^ ^ v ld .o ^z^on valu h ;: 

stored m a quantization table ftvnieain, 

ajjxe (typically a memory device) 

In order to load . ne w quantization table into 
1= quant^er stage of the pipeline , . TABLE" toke „ 

sent t the uantizer ^ ^ a MM _ th! 

.xa...pl.. consists of 65 to ke „ „ or ds. The first word contains 
tne code "QUANT TABLE", ie build * . 

. . ,, ' e " bu lld a quantization table 

This „ followed by 64 words. which are the iM 
20 quantization table. 

When encoding video data, it is occasionally necessary to 
transit such a quantization table. In ord er to accomplish 
this function, a QUANT.TABLE toKen with no extension l ar 2 

can be sent i-h« ^ _• _ woras 



can be sent to the quantizer stage. on seeing this tofcen 
and noting that the extension bit of its first word is Low 
the quantizer stage can read out its quantization tab , 



Le and 



construct a QUANT tart f 

—TABLE token which includes the 64 
quantization table values Th« ^ 

lues ' The extension bit of the first- 
word (which was LOW) is ch , nnBH _ rirst 

' changed so that it is HIGH and the 

C °™ S < HIGH extension bits, until the new end 

- .he token, indicated by a LOW extension bit on the sixtv 
; --r.h quantization table value. This proceeds ln the 
s "::l Chr ° U9h SyStSn and - encoded into the tl . 
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continuing with the «« a .pU. the quantizer may either led 
a new quantization table into it. 

out its t.hi. ,. memory device or read 

its table depending on whether the first word of ,h 
0L'ANT_TABLE token has its extension bit set or not 

th.^ T" ^ Uhether " tM •"•"-»«." bit to signal 

depend on the system in which the pip el ine win be sed 

Both alternatives are nossihio « 

invention. P°ssible in accordance with the 

Another alternative to the preferred extension bit scheme 
is to include a length count at the start of the token. Such 
n arrangement may. for example, be efficient if a token is 
^ 1 ,' For exam pl e. assume that a typical token in a 
9iven application is loco words long, using the illustrated 

' ! thS COken "° uld «-J"«. 1000 additiona! bits -o 
contain all the extension bits. However, only ten bits w-u>"d 
oe required to encode the token length in binary for. 

Although there are. therefore, uses for !on, tokens 
experience has shown that there are man y uses for 
tokens. Here the preferred extension bit scheme s 
advantageous. Xf a token is only one word long, 
one bit is required to signal this. However a counting 
scheme would typically require the same ten bits as Z ' 

Disadvantages of a length count scheme include the 
following: X) it is ine£ficient for ^ 

P aces a maximum length restriction on a token (with only te'n 
b ts. no more than lo 2 3 words can be counted,; 3, the length 
of a token must be known in advance of generating the count 

Mo f of \r eSUmably "- th * ° f the ""•")•• «) -v«y 

d ° = — ry that deals with tokens wouid need to be 

i;;;; 1 ; lth hard - are " =~" -«*•; .** s , if 

no- el/ r r r P " d ,dUS " 3 «""l«*on error, it is 

no. ..ear whether recovery can be achieved. 



The advantages of the extension bit schema in 
with the nr-seni- • scheme in accordance 

since unrecogn"ed \oLs T'T 

1 "" t " la « a °n « e ie„ gth o£ a token- ' ' "° 

efficient (in terms of overhead to rll iS 
rh. ► i. . overhead to represent the length of 

the token, for short tokens; and s , error recovery L 
naturally achieved. If an extension hit is corrupted then 
one random token win be generated (for an extension 
corrupted fro, to -o-, or a token will b e lost (extension 
bit corrupted » 0 " to " l " i P „ (extension 
lnral . / 1 } * Furthermore, the problem is 

located to the tokens concerned. After that toJn Jr. 
operation is resumed automatically. 

In addition, the length of the address field rav he 
-ried. This is highly advantageous since it allows J/. OS 
common tokens t-r* k« ^ ^ ne nios-w 

word . Th " s in °. bB SqUe " ed in " «*• ™-i m u„ numoer « 

PiPe une's h ;;-;re A s :srrth:; p ::r n " in vide ° da " 

can he continuously runn.n, .^T^^T' 1 " 

In accordance to the Dr^c.or,+- ■ 
v«U W . length address.™ ^ "aTr ""~ ' 

that a short address followed hy random data c a n n e v e" b ".° 

confused with a longer address The nr .f . 

encoding the address field r h i hi P " f '"^ teChni ^- for 
* aress field (»hich also serves as the "code- 

or a v ing an intended plpeune ^ code 

Huf an code Nevertheless, it will bs appreciated b , one 
= .. -rd.nary , km in the art. that other coding sche.es „ v 
a-»o be successfully employed. 

^ Although Huffman encoding is well understood in the f:e'd 
d lgi tal design, the following example provides a oenera- 

background: 
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JZ? zr::: nn:. 1 " d * up of a ■ t * 1 - ° f 

nar a code word is nhnc=« 

:r a ; none ° f the io "'- «.« w ith th sy c ::: 

that for. a shorter code word. In accordance with the 

address fieids are pref — iy ^ 

"." in th USlnq kn °" n HU " man "^^^ ^"niqu... 

„„ ° ' Present mention. the address fWd 

P r.f.r.bl, starts ln the B ost significant bit (MS », 

mrd t0ken - < N °" »«t the designation of the MSB £ 

a"; ;: r v nd that this s ^ ^ - » a OT «, 

various designations of the MSB . ) The address field 

continues through contiguous bits of lesser sian lfi 

Tf ; n a . j-esser significance. 

t^n 91Ve " aPPliCaCi °"' « tok.„ address reguires nee 

'o d d°d '"'° rd - ^ e lea " bit in anv „Z n 

-ord he address field win continue in the most signifLn- 

oit of the next word tk. * y Ulcan ^ 

fi.ld - one bit. minimUm address 

Any of several known hardware structures can be used ~o 
generate the tokens used in the present invention. One s^h 
s-ucture is . microprogrammed state machine. However k non 
-coprocessors or other devices may also be used 

The principle advantage of the token scheme in accordance 
-th the present invention, ia its adaptability- -I 
unanticipated needs. For exanple , if & ^ ' - 

introduced, it is most likely that this will affect on i v a 
s.all number of pipeline stages. The most likely case :s 
kn " ° nly CV ° Sta ^ es or blocks of circuitry are affect- 

the one block that generates the tokens in the = - 
F*ace and the block or stage that has been newly d.sigr-d 
-edified to deal with this new token. Note that it is 
necessary to .odify any other pipeline stages. Rather, 
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w ill be able to deal 

P." "at token on u„ m o difie 7 nl " " 

advantages rt k unaffected has clear 

Chips i„ , ! y P ° SSlMe t0 leaVe semiconductor 
chips in a. chip set completely unaffected oy a desil 

improvement in some other chips in the set This 

a v nt e both £ „ m _ ^ ^ ^ Thl s 

that of a ch iP manufacturer. Even if « * ■ 

a n u- "modifications mean th^r 

so thai- t-K« i- integration progress 

so that the numb er of chips in a system drops) there will 
still be the considerable advantage of better time ^ t 
than can be achieved sinrp time-to-market 
Tn nieved, since the same design can be reused 

modify an existing ■ SC111 not necessary to 

, an existing design. Token decoders in ■■(,. 
stages win attempt to decode rh. » Pipeline 

•nd will conclude that it do. ° f SUCh ' 

•ill rh. S n0t "cognize the token It 

-ill then pass on the token unmodified usina 
»i« to perform this operation correctly It will „ 7^°" 
to decode the second word cf the toL , " t "" Pt 
contains address hits, hecause T t ^ .'ZL^ ^ 

n 5 :: 0 ;::;::/; part of th * — »■» •< ■ — 

In many cases, a pioelinp «=i- a «« 

Pipeline stage or a connected block 
: cuitry will modify a token. Tnis usually , ^ „« 

r a t a :r s the form ot °» 

: in a t d t ltl0n ' " iS C °™°" 'or the number of data 

da -o"d. 11° ^ " 0difled ' eith " ^ "—in, certain 
aa.a .ords or by adding new ones. T n <=. n „ 0 

r»«oved .nn i . In some cases, tokens are 

° Sd entirely fron the token stream 
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In most applications, pipeline stages will t„„i„,, 
decode ,be activated by, , f . w t ' ' ^P^allv only 

recogni 2 e other tokens and passes thel' """" ^ 

large number of cases onlv unaltered. In , 

Token word itself * deC ° ded ' Ch * 

wil 1 i n < ," n V PPli °" l0n "' ^ ° Pe " tion ° f • P.«icul.r stage 
"state" of tT" " SUltS " S °"" Pa " =P«ations. T L 
in other words. the stage depends upon ^ 
information, which is another way of saying it must retain 
information about its own History one or more clock 
^cles ago. The present invention is wen-suited for 
Pipelines that include such "state machine" stages, as we 
as for use in applications in which the latches in the data 
path are simple pipeline latches 

The suitability of the two-wire interface, i„ accordance 

V::;;™ "» «=» "«.t. machine" circuits 

lS a significant advantaae nf fh« 

■ , age of tne invention. This ic 

especially true where * h = -k, ^ • 

state „J h - P " 15 bGing ""trolled by a 

stat e machine. In this ^ ^ interface 

technique above-described may be used to ensure th at h 
current state- of the machine stays in step wTth the .at! 
-hich it is controlling in the pipeline. 
Fig. 6 shows a simplify biock di 

circuitry included in a pipeline staeJ * „ example of 

= ^ ^- ^^peiine stage for decoding a token 

address field. This illuc;i-r- a t.^ en 
the char a ,t • ■ 111UStrates a Pipeline stage that has 

cne characteristics of * = 

state machine". Each word nf * 
token includes an -extension bit" which is HICH if 
r.ore words in the token or LOW if tnis is fc . . ***** 
^ token. If thls is tne last w ; r h d 1S o V V 3 W ° rd ° f 

ir. address must be decoded. The deci therefore, 
no- ro decision as to whether or . 

nou to decode the token address in 

, cnen . t S ln anv given word, thus, 

depends upon knowing the value of the D r.„i 

tne previous extension bit. 
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rwith th s-plicity only, th . two . wire interface 

not ,t aCC6PtanCe Validation »ign«l. and latches) is 

not illustrated and all details dealing with resetting the 
circuit are omitted. As before, an 8 -bit data word is 
assumed by way of example only and not by way of limitation 

This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage. it also decodes the 
DATA Token. At the point when the f irst word of tne ^ 
Token is presented at the output of the circuit, the signal 
DATA_ADDR" is created and set HIGH. The data bits ar- 
delayed by the latches LDIN and LDOUT , each of which ij 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) 
Similarly, the extension bit is delayed by extension bit 
latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to store the 
nost recent state of the extension bit. The value of -n e 
extension bit is loaded into LEIN and is then loaded xnTc 

h " riSin9 ° f thS "^-overlapping clock 

Phase signal PHI. Latch LEOUT , thus, contains the value of 
the current extension bit, but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV, however 
loads this extension bit value on the next rising edge of the 
cock signal PHO, that is, the same signal that enables the 
extension bit input latch LEIN. The output QEPREV of the 
latch LEPREV, thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the invert ^ 
° UtPUt ' PlUS the "on-inverted MDf 2} , of the latch LDIN «. e 
combined with the previous extension bit value QEPREV in "a 
series of logic gates NAND1 , NAND2 , and NOR1, whose 
operations are well known in the art of digital design. -ne 
designation ••N_MD:,. ] indicates the logical inverse of K it - 
cf the .id-data word MD [~ :0) Using knQWn techniqU£S 
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Boolean algebra, it can be shown that i-k 

only w n .„ the previous extension bit is . . 0 i (QPR H ^,.^ ) ^ 

^ "° rd " the "«P«* °< «» non-inverting q latch (the 

orx,x„.l input word, LD IN has the structure -oooooxxx" 

». the five high-order bits M D!7) - MD(3) bits are ^'..^ 

he oxt MD(2J is . and the bits in ^ ° 

have any arbxtrary value. -"ions 

There are. thus, four possible data words (there are four 
permutations of that win cause SA and , therefQre ™ 

output of the address signal latch LADDR t „ „ hose ' th « 

connected, to become „ IG „. In other „ o * S * » 

provides an activation signal ( DATA__ADDR - only ^ 

of the four possible proper tokens is presented and only when 
t previous extension bit was a zero, that is. the prevXou 
data „ord was the last word in the previous series If r ek . n 
word., which means that the current toxen word is the ~ £ 7-ll 
one ln the current token. 

When the signal CPREV from latch LEpR£v ^ LOW, the value 
at ^he output of the latch LDI N is therefore the first word 
o. . ne toxen. The gates NAND1 , NAND2 and N 0R1 decode the 
DATA toxen (OOOOOlxx). This address decoding signal SA is 
however, delayed in latch LADDR so that the signal DATA ADDR 
has the sane timing as the output data OUT DATA and OUT EXTM 

Fxg. , ls another simple example of a state-dependent 
P pe ine stage Xn accordance with the present invent In 
-hich generates the signal LAST OUT EXTN to indicate -h. 
value of the previous output extension bit OUT Ex™ one" 

and. last extension bit latches, LEOUT and L"Rz- 
respectively. ls derived from the gate AND! such that these 
-atones only load a new value for them when the data is v.- 
an= is being accepted (the Q outputs are HIGH fron 
output validation and acceptance latches LV0UT and HOC 1 " 
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:i:n;rr^/,: a r chey oni ' hoid — — 

cwo-wir. valid/™ , «**i-.nt shown in Fig . 
' 9«« -ich inpu .1,7.1, l0glC . in=1 ^ S ChS »»» — OR 2 
acceptance signals anT" * * of the downstream 

z^:;\;:\i:r — ~ -;n7r;; 

Placed lf tne latcnes have invert . ng Qu 

Although this is an extremely si mp l e example of a "state 
dependent" pipeline stage, ie „;„,.„ * """" 
state of only a single L ° n the 

latches holding state infor' , that an 

data is actuaHv tra r^™" 10 " " U1 be ^"ed only when 

other wotds on'ly when t7e ed d b r Ween In 
accepted by the nlxt stage ^ ^ 

- ™-r. that such lat/hes ^ 

-own encoding t^JTJl -."T' ^""^ 
pipeline. trans ^r through a 

First, the tokens, as described above allow ,„ 
length address fields fanH r variabl * 

exa mp i e) to prov ^ Ut *"" «««„„ coding for 

tokens. eff lci .nt representation of con.on 

zTri::;Ti : € the iength of a —» 

token) to be processed " ^ ^ ° f tt * 

manipulative transfer """^ (inClUdi " g S ^ le "•>"" 

^ the token c.^ ^uT^ • ^ 

Third, rules and h , * * pi ? eline sta <?*- 

unrecogni.ed " kens T""™ ^ °* 

allow co.ununic.tion bet een PaSSln9 ^ °" 

that is noc its ° Sta9e and 9 d °^trean .rage 

its nearest neighbor in the pipeline. 



ru 



This a 



64 



increases the expandab i 1 i tv and «.»«,-■ 

PiP e llne . 1Be . ie allous / 0 ;r u r;ra: 9 : rr "r f the 

Sltot "lulri^ large scale redesigning 0 ' " 
Pip^.ne stages. The tokens of the prese" e * 1 " 1 "* 

— - - - co^::::::: ;::r:;r c a r 

lnt "*ace that is described above and below 
As an example of the above. Figs. 3a and 3b tak=n 
aether ,and referred to collectively below as ,1, 3 
depict a bloc, diagram of a pipeline stage whose function s 
s follows. If the stage is processing a predetermined token 
(known in this example as the DATA token,, then it , 

r: : c r e eve : y r rd in this token with the - < 

token 7; 1 ln=1UdeS addr " S "« W ° f «» DATA 

token „. on the other hand, the stage is processing any 
other kind of token it win ,t.i . y 
effect is that , „ 8Very "° rd - The ov «"" 

T , ° UtPU,: ' ° nly DATA T ° ke " s appear and 

each word within these tokens is repeated twice 

Many of the components of this illustrated system may be 
the same as those described in the much simpler structures 
shown ln Fios . 4 , .„„ , Th . s tl * significant 

dvantage^ More complicated pipeline stages will stll n oy 
the a benefics of flexibUity ^ d elastici > y 

Idlptatior" ln " rfa " ^ " — ""•» or no 

The data duplication stage shown in rig. , is merely one 
example of the endless number of different types of 
operates that a pipeline stage could perform in any given 
application. This "duplication stag." illustrates, however 
a stage that can form a ..bottleneck... so that the pipeline 
according to this embodiment will "pack together" 

A "bottleneck" can be any stage that either takes a 
relatively long time to perform its operations, or that 
creates more data in the pipeline than it receives. This 
example also illustrates that the two-wire accept/val-d 
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interface according to this en,bodi„ent can be adapted » er . 
easily to different applications. 

The dupiication stage shown in Fig. 3 also has two latch-s 
L.IN and LEOUT that, as in the example shown in Fig 6 H '* 
» - state of the extension Pit at the input and a"th .\ ^ 
of the stage, respective!,. As Fig. 3a shows, the inpu- 
extension !atch LEIN is clock* synchronousiy with the input 
data latch LDIN and the validation signal IN_VALID 

For ease of reference, the various latches included in the 
10 dupucation stage are paired below with their respects 
output signals: 



m 
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in the duplication stage, the output from the data latch 
LDIN forms intermediate data referred to as MID_DATA . This 
intermediate data word is loaded into the data output latch 
LDOUT only when an intermediate acceptance signal (labeled 
'•MID_ACCEPT» in Fig. 8a) is set HIGH. 

The portion of the circuitry shown in Fig. 8 below the 
acceptance latches LAIN, LAOUT, shows the circuits that are 
added to the basic pipeline structure to generate the various 
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internal control signals used to duplicate data. These 
include a "DATA_TOKEN" signal that indicates that the 
circuitry is currently processing a valid DATA Token, and a 
NOT.DUPLICATE signal which is used to control duplication of 
data. When the circuitry is processing a DATA Token, the 
NOT_DUPLICATE signal toggles between a HIGH and a LOW scat- 
and this causes each word in the token to be duplicated once 
(but no more times). When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLICATE signal is held in a 
HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

As Fig. aa illustrates, the upper six bits of 3-bit 
intermediate data word and the output signal QH from the 
latch LI1 form inputs to a group of logic gates N0R1 , N0R2 
NAND18 . The output signal from the gate MAND18 is labeled 
SI. Using well-known Boolean algebra, it can be shown that 
the signal SI is a "0" only when the output signal QH 1S a 
"I" and the MID_DATA word has the following structure- 
"OOOOOlxx", that is, the upper five bits are all »o», the bit 
MID_DATAC2] is a »1» and the bits in the MID DATA f 1 ] and 
MID_DATAC0] positions have any arbitrary value. signal si 
therefore, acts as a "token identification signal" which is 
low only when the MID_DATA signal has a predetermined 
structure and the output from the latch LIl is a »i» The 
nature of the latch LIl and its output Qll is explained 
further below. 

Latch LOi performs the function of latching the last value 
of the intermediate extension bit (labeled »MID_EXTN» and as 
signal S4), and it loads this value on the next rising edge 
of the clock phase PHO into the latch LIl, whose output is 
the bit Qii and is one of the inputs to the token decoding 
logic group that forms signal SI. signal SI, as is explained 
above, may only drop to a "0" if the signal Qll is a "1" (and 
the MID_DATA signal has the predetermined structure) . Signal 
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SI may, therefore, only drop to a «o« whenever th , 

: i ,;:::i ore ' che mid - data - — 

NAND? n la , tCheS "'"^ - iCh «>• WAND gates 

In the norma! situation, the signal on at che in " _ 
NAN02 0 and the signal Si at the input to .AN022 win both e 
at logic It can be shoun. again by the technigues of 

Boolean algebra, that in this situation these NAND gates 
operate in the sa.e ra anner as inverters, that is. the signal 
QI2 fro. the output of latch W is inverted in fiAND2 0 and 
then this signal is inverted again by NAND2 2 to form the 
= Wnai S2. in this case, since there are two logicai 
inversions in this nafh 

m this path, the signal S2 will have the same 
value as QI2. 

It can also be seen that the signal DATA TOKEN at the 
output of latch L02 forms the input to latc^ LI2. As a 
result, as long as the situation remains in which both Qli 
and si are HIGH, the signal DATA_TOKEN will retain its state 
whether -o« or ^ . This is true even 

signals pho and PH1 are clocking the latches (Lla and L02 
respectively) . The value of DATA_TOKEN can only change when 
one or both of the signals QH and SI are "0". 

As explained earlier, the signal QH will be »o» when th- 
previous extension bit was « 0 ». Thus, it will be »o» 
whenever the MI0_0ATA value is the first word of a token 
(and, thus, includes the address field for the token). In 
this situation, the signal SI may be either »o» or »i» As 
explained earlier, signal Si will be »o» if the MID_DATA word 
has the predetermined structure that in this exampi- 
indicates a "DATA" Token, if the MID_DATA word has any other 
structure, (indicating that the token is some other token 
not a DATA Token), si will be 
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If QI1 is "0" and SI is »i» thi* i „„ - 
token other than . data Token. • A l " tT""" th " e iS 

Tne SAND gate NAND2 2 will invert 1 • 

» -plained, and tne signal S2 win thus oe a .o^T 11 ' 
result, this »0" value wi n i ^ ' s a 

start of the next PHI clock t ^ 1 " Ch L ° 2 « ^ 

exc PH1 clock phase and the DATA rnvrw 

-ill oeco*e .. 0 ... indicating that tne c^t ry i ^ 
processing a DATA token. Y not 

. ntfl fcU ' thereby indicating a DATA 

token, then the signal S2 will be »i" fraMrH1 

other input to NAND2 2 from - h (regardless of the 

r^.it. u- NAND2 2 from the output of NAND2 0) . As a 

. DATA token. ' '"^"^ «» """try is processing 

s^Il! ; OT - D " PLIC " E -i9~l (the output signal a0 3, 

form the signal S3 A , ' 9a " NAN02 4 to 

to show that t h e signal « B °° lea " 

—is o„ -^^^u-i-vrr °i the 

becomes a »o» that ic „ ' hS S1 9 nal QI2 

0 , that is, the DATA TOKEN signal is a »o« 
• the signal S3 becomes a «!» In oth ^ „ * na \ 1S a 0 > 

other words, if therp ,' c 
a valid DATA TOKEN (Qi 2 = 0 ) or th e h . 

duplicate (Q i3 = 0 ) then ru iS n0t 3 

0), then the signal S3 goes high. 

Assume now, that the DATA to*fm = 
"ore than one clock signal S 7nc , h ' HICH f ° r 

(503) is »f.rt H u.7 NOT.DUPUCATE signal 

(003) is fed back" to the !at=h LI3 and win be inverted by 
the gate HAND 2, (since its other input Q „ lm held H- h 
the output signal 003 win toggle hetween and" , ^ 

. "o" ir:'" ° ATA TOken ' h °" eVer ' the -i»".l «« -HI - 

. and the signal S3 and the output Q03. win be 
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HIGH unci! the DATE TOKEN signal once „ ai „ 

The output Q03 ( the NOT DUPLICATE "on,!, " * 

and is combined ., ith t „. o - ^ ™ C t ' r ™> » «*« bac, 

"IN in a series „, , • acceptance latch 

series of logic gates ( NAND1S and invis k >. 
together for- an AND gate, that have as their „ ' * 

only when the signals QA1 and Q03 both have J * 
As Fir, a» .k the "alue "1" 

Fig. 8a shows, the output from the AND gate , th . 

NAND16 fenced by the gate IM v 1S) a!so for.s'the a ceptl c" 
signal. IN_ACCEPT, which is used as descried above " 
two-wire interface structure. 

enal^ aCCeP " nCe Si9 " al "-ACCEPT is also used as an 
•n.b Ung signal to the latches LOIN, LEIN, and LVIN. As a 
result lf the not.duplicate signal is low. the acceptance 
«,n.l IN ACCEPT will al,o be low. and all three of these 
latches will be disabled and win hold the values stored \t 

I" " " S19nal beCt "" eS HIGH . This is in addition -o 

-e regu.re.ents described above for forcing the output f ™ 
the acceptance latch LAIN high. 

As long as there is a valid DATA tokfm ,►>, r,. 
signal Q02 is a »..., , h — (the A TOKEN 

HIGH and ,Z ' Wi " t °" 1 « b «"«" <="e 

hicjH and LOW states c=o 

PMhl w ^ S ' S ° that the ^put latches will be 

enabled and will ho ^ki^ 

will be able to accept data, at most, during 
every other complete cycle of both cloc* phases 
The additional condition that the following stage be prepared 
to accept data, as indicated by a "HIGH" o UT ACCEPT signal 
will' th C T Se ' ^ S " isfied - ™° -«^t latch LDOL-T 

OUT_DATA for at least two full clock cycles. The OUT VALID 
-19H.1 win be a "i" .only „ h en there is both a "valid 
<«° 2 HIGH) and the validation signal qvout is 



HIGH. 



The signal QEIN, which is the extension bit corresponding 
to MID_DATA, is combined with the signal S3 in a series of 
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logic , aCes . (invio and NAND10I to , 

Presentation of a DATA ,„ k ea c h dat " " ' 

repeated by ioading ic "'"j «"* «•« «ID_DATA wU l be 

During the fi rst ot * P "* '"^ LD0UT <~i«- 

' -tion of NANDiO Th . h V 1 "' T ^ C °™"> « • >Y the 

to for. OUTEXTN at th. " " l " ch LEWT 

-0 UT to fot . OUT_DATA("o^. ' " MI °-° ATA ^ ^ 

Thus, the f i ret- +- ; 

LEOUT rh 6 9 9iVe " MID -DATA is loaded into 

LEOUT , the associated OUTEXTN will he f ^ 
on the second • forced high, whereas, 

second occasion, OUTEXTN win be tHo 

signal QEIN. Mow consider the situation d " ^ 

word of a token in which o EI , ^ ^ Wy laSt 

first ti me MIO DATA is load d to °* low. During tne 

"1". and during the se ' ^ ° UTEX ™ 

outextn wm - 

- "in:; Q r the vaiidati - — ™ - 

— - ~, -Tot; s^r 113 ; gat : combi — 

techniques, it can be shown that th * ^ B °° iean 

-en the Nation signal ^ Vx^o " ^ • lth " 
Q" is low (indicating that 1 ^ " ^ Slgnai 

signal S5 is loaded into th! " * dUplicate > ■ ™e 

intermediate extension Mt ( si al " , T° ^ ^ 

Sign.1 S5 is also coined wi t the " " ^ 

token signal, in the loaic a J ^ °° 2 (the data 

; ah tne logic gates NAND30 and INV3 n * 
output validation =, i , iNV3 ° to form the 

validation signal OUT VALID. A s w»« 

earlier, OUT VALID is »rru , ~ mentioned 
— rt - Lj - LIJ is HIGH Onlv uhpn «- u, _ , 

and the validation <= < 13 3 Valid token 

validation signal QVOUT is high. 

I" the present invention, the MID ACCEPT sian.i • 
combined with the signal S5 in * - ACCEPT S1 9"al ls 

(NAND26 and i NV 26i rh l " ° f l0gic ^tes 

- for, a sign! 6 t h h a ! t Perf ° rm ^ AND function 

sig nals Co th " 13 US6d ^ ^ ^ Snabl -9 

to the latches L01, L02 and L03 . The signal 56 rises 
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the " h8n MI °- ACCEPT is HIGH and when either 

the v alldacion signal QVIN ^ high ^ ^ n tok>n lth " 

he <Q " U 3 ■ " ^ 5ig " al MID is High 

itCh " LOl " L03 ""I- therefore, he enabled when 

dupi^r" " " " he " «» is a 

From the discussion above, one can see that the stag, 
shown ln Figs . 8a and 8b uU1 rece . ve ^ d ^^^^ 

between stages under the control of the validation and 
acceptance signals, as in previous embodiments, with the 
exception that the output sionsl F^„„ ... 

LAIN »r fh . ■ 9 0m the acceptance latch 

LAIN at the input side is combined with the togglin, 
duplication signa! so that a data word will be output twice 
before a new word will be accepted. 

The various logic gates such as NAND16 and INV1S may of 
course, be replaced by equivalent logic circuitry ( in -Ih.s 
case, a single AND gate, . similarly, if the latches LZIN and 

I.mo and IHV12 will „ot be necessary. R ather. t- 
corresponding input to the gates KAND10 and NAND 1 2 can ' b l 
tied directly to the inverting outputs of these latches As 
ion, as the proper logical operation is performed, the stag 

.5 b s wTr c :.::r samemanner - ° a " — ^ 

-3 bits will still be duplicated. 

One should note that the duplication function that the 

rs u t d"t st r performs wui not be perf — — ^. 

first data word of the toKen has a "l» in the third position 
of the word and "O's" in the five high-order bits. ( of 
course, the required pattern can easily be changed and set bv 
selecting other logic gates and interconnections other than 
the NORl, NOR2, NND18 gates shown.) 

In addition, as Fig. 8 shows, the OUT_VALID signal will be 
forced low during the entire token unless the first data vera 



has the structure described above. This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted from the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
upstream validation latch to be forced low on the next clock 
cycle. 

It should be noted that in the example shown in Fig. 8, 
the duplication of data contained in DATA tokens serves only 
as an example of the way in which circuitry may manipulate 
the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 
purely as an illustration of the way in which circuitry may 
manipulate the VALID signal to remove data from the stream. 
In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 
timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 
the stage and is duplicated. 

Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 



aspect of the present invention* 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
the input latches 34 is passed as a first input over line 35 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36. A second output from the token decode 3 3 
is passed over line 40 to an action identification unit 39. 
The action identification unit 39 also receives input from 
registers 43 and 44 over line 46. The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received. The 
output from the action identification unit 39 is passed over 
line 38 as a third input to the processing unit 36. The 
output from the processing unit 3 6 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42. 

Referring now to Figure 11, a Start Code Detector 
(SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 
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The output from the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64. 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
over line 65 to an arithmetic logic unit (ALU) 66. A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 
is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 7 3 is passed over line 74 as a 
first input to an inverse modeller 75. A second output from 
the T/F 71 is passed over line 76 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 7 5 is 
passed over line 78 as an input to an inverse quantizer 79 
The output from the inverse quantizer 7 9 is passed over line 
8 0 as an input to an inverse zig-zag (IZ2) 81. The output 
from the IZZ 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 83 (shown in Fig. 11). As a first output from 
the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 



data is passed over line 95 to a FIFO 96. The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
summer 98. The output from the address generator 94 is 
passed over line 99 as a first input to a DRAM interface 100. 
Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 
summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 
selector 106. The output from the output selector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12 ) . 

Referring now to Figure 13, a fork 111 receives 
input from the output selector 106 (shown in Figure 12) over 
line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114. 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 
a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

It will be apparent from the above descriptions 
that each line may comprise a plurality of lines, as 
necessary . 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is encoded as one or more slices 132, Each 
slice 132 is, in turn, comprised of a plurality of blocks 
13 3, and is encoded row-by-row, left-to-right in each row. 
5 As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.261 
standards, the Common Intermediate Format (CIF) is used, 

10 wherein a picture 141 is encoded as 6 rows each containing 2 
groups of blocks (GOBs) 142. Each GOB 142 is, in turn, 
composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
direction indicated by the arrow 144. The GOBs 142 are, in 

15 turn, processed row-by-row, left-to-right in each row. . 

Referring now to Figure 14c, it can be seen that, 
for both MPEG and CIF, the output of the encoder is in the 
form of a data stream 151. The decoder receives this data 
stream 151. The decoder can then reconstruct the image 

2 0 according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 3 3 
blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
25 representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H.2 61 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats. 

Referring now more particularly to Figure 16, there 
is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTURE_START token 162, first picture information of 
indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
PICTURE^ START token 166, second picture information of 
indeterminate length 167, and a second PICTURE_END token 168, 
The P I CTURE — START tokens 162 and 166 indicate the start of 
the pictures 161 and 165 to the processor. Likewise, the 
PICTURE^ END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths . 

Referring to Figure 17, a split 171 receives input 
over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 18 0 
as a first input to a summer 181. A second output from the 
split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 185 to a 
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write signal generator 186. A first output from the write 
signal generator 186 is passed over line 187 to the DRAM 
interface 176 . A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 176 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shown in Figure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 201 is 
passed over line 202 as a first input to a summer 203. A 
backward picture 2 04 is passed over line 2 05 as a second 
input to the summer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
x 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
x 16 block of pixels. One chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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value register 221 receives image data over a line 222. The 
line 222 is eight bits wide, allowing for parallel 
transmission of eight bits at a time. The output from the 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output from the decode register 
224 is passed to a detector 22 5 over a line 226* The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an image which corresponds 
to a standard-independent start code of 23 "zero" values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

A second output from the decode register 224 is 
passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232. The line 232 is fifteen bits wide, allowing for 
parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 
235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236. The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 23 6 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to- 
tokens converter 2 34 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index-to-tokens converter 234 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21, a data stream 241 
consisting of individual bits 242 is input to a Start Code 
Detector (not shown in Figure 21) . A first start code image 
243 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 245, which 
overlaps the first data value image 244 at a length 246. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 254. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number image is passed over a line 259, an insert 
image is passed over a line 260, and a replace image is 
passed over a line 261. The data from the flag generator 251 
is passed over a line 2 62a. A header generator 2 63 uses a 
look-up table to generate a replace image, which is passed 
over a line 2 62b. An extra word generator 2 64 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 
latches 265 pass data over a line 266. The line 266 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes . an 
image as a first input to a first OR gate 2 67 over a line 
268. An insert image is passed over a line 269 as a second 
input to the first OR gate 267. The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 
gate 270 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274 . An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 
output accept latch 275 is passed to an output accept 
register (not shown) over a line 276. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 
register is passed as a second input to the second OR gate 
277 over a line 279. The remove image is passed over a line 
280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an insert image is passed as a second input to the second AND 
gate 281 over a line 283. The output from the second AND 
gate 281 is passed over a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 2.54. 
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TABLE 600 

Format 
1. H.261 
MPEG 
JPEG 



Image Received 
SEQUENCE START 
PICTURE START 
(None) 



Tokens GeneratP^ 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 

2. H.261 (None) PICTURE END 

MPEG (None) PADDING 

JPEG (None) FLUSH 

10 STOP AFTER PICTURE 

As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection, of 
an image by the Start Code Detector 51 generates a sequence 

15 of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column. Therefore, as shown in line 1 of 
Table 600, whenever a "sequence start" image is received 

20 during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 

2 5 control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 B6 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 



3 0 As shown in line 1 of Table 601 which shows the timing 

relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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rnust be stored in -enory th» fr*r,o = . 

Hif^„ _ n °ry, cne frames are transnittsd in a 

e-d- »- i« , K ane '- The 11 fra " e " transmitted in the 
frame, " » The next predicted frame (P 

nterpolated frames (B fra mes, to be displayed ^ '/ 

ZTlr d rV Sraae r-P»..nt«l by frMes 92 " 

and B3. This allows the transmitted B frames to reference a 
previous frame (forward prediction, or a future fra,e 
(backward prediction, . After transmitting all the B frames 
to be displayed between the n frame and the P4 frame, the 
next P rame. „. is transmitted. Next, all the B frames to 
be delayed between the P4 and P7 frames are transmitted 
corresponding to B5 and B 6 . Then, the next I frame, no. is 
transmitted. Fln ally, all the B frames to be displayed 
between the P7 and no frames are transmitted, correspondL 
*o frames B8 and B9 . This ordering of transmitted frames' 
reou.r.s only two frames to be Kept in memory at any one 
.l...e, and does not require the decoder to wait for th= 
transmission of the next p f ramA T * 

-tenacent B frame. " 1 ^ " 

as F "n er inf ° h rmati0n "9«rdlng the structure and operation, 
as well as the features, objects and advantages, of the 
invention will become more readily apparent to one of 
ordinary skill in the art from i-h 

. . " e art from the ensuing additional 

detailed description of illustrative embodiment of the 
invention which, for purposes of clarity and convenience of 
explanation are grouped and set forth in the following 
sections: y 

Multi-standard Configurations 
■JPEG Still Picture Decoding 
Motion Picture Decompression 
RA.M Memory Map 
Bitstream Characteristics 



Reconfigurable Processing stage 
Multi-standard Coding 

Tokens 

DRAM Interface 
Prediction Filter 

Accessing Registers 

Microprocessor Interface (MPI) 

MPI Read Timing 

MPI Write Timing 

Key Hole Address Locations 

Picture End 

Flushing Operation 

Flush Function 

Stop-After- Picture 

Multi-standard Search Mode 

Inverse Modeler 

Inverse Quantizer 

Huffman Decoder and Parser 

Diverse Discrete Cosine Transformer 

Buffer Manager 
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1. MULTI -STANDARD CONFIGURATIONS 

Since the various compression standards, i.e. , JPEG, 
MPEG and H.261, are well known, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
detailed specifications of those standards are not repeated 
here* 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 
of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 
reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

In a first embodiment, in accordance with the present 
invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 
Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 
of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the DRAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 
Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 
subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide, an 
address decode network which handles the complex addressing 
needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 
which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 
interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 
Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, the inverse zig-zag 81 and the inverse 
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DCT 83 . The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12, the standard- 
independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 
the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip - is 
independent of the standard. The only items that are 
affected by the standard is the way the data is written into 
the DRAM in the case of H.261, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 
regarding when the pictures are intended to be displayed, and 
that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 
recognize different start code patterns in the bitstream for 
each of the standards. For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 



codes, its operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 
affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.2 61, JPEG, MPEG and one other, where the parser enters a 
piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.261, one program is 
running, and when a different program is running, there is no 
overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64 . Those two units 
cooperate together to perform the Huffman decoding. Here, 
the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 
of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 



and issues the correct command to the Huffman decoder at 
different times consistent with the standard in operation* 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards. In this regard, a 
CODING_STANDARD t:oken is decoded and the inverse quantizer 79 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event, but 
before another CODING_STANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse quantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.261, differs 
for each of the subsystems shown in Figure 12 and Figure 13. 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one- line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 



A group of blocks is three rows of macroblocks high by eleven 
macroblocks wide. In the case of a CIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other. Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. In H.2 61, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
with the latter affect. That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.2 61. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 3 3 blocks (see 
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Figure 14c) group of blocks which is one macroblock high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG. 
5 There is a correspondence in the way that the 

circuitry is designed between an H.261 group of blocks and an 
MPEG slice. When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of. blocks is preceded by 
10 the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every 11th interval. When it counts to the 11th 
15 macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to 11, it 
Q resets to zero. The microcode interrogates that and does 

that work. All the circuitry in the temporal decoder of the 
2 0 present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 

2 5 appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 

3 0 circuitry selects a different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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. , IPEG S et. »ot. that is a ™<=* 

set. A n.«PE= set • „ t and the «PEG set. Th.y 

, [B „,«.rW»««^ utlll „. T here is a 

a re quite common in the ta , = no overlap 

sr , aU overlap between MPEG and JPEG * scandards nave 

, t al i between H.261 and JPEG so that 

totally different sets of B uni ts are 

As previously indicated .most of ^ 

compression standard ^-P"£ nt ' ^ r6M . M r .hat 

independent. and such AU o£ the units that 

COOIHC.STM.OMD is being pr-«. , ion standard as 

are standard ^^\^" s \ v the m. When information 

c he CODIHO.«*HD M 0 «K.n «lo-. Y ^ distrlb uted 
encoded/decoded in a fir changing standards, 

through the machine, and a mach norBally 

prior machines under '^^'J^ H . 261 compression 

choose to perform in ge nerates signals 

standard. The «PU m such P"" mac hine that 

stating in multiple differen P makes changes 

ch e compression standard is = = • _ pipeline 
, 0 at different times and, in a 

through. . wo _ rion by issuing a change of 

In accordance with the invent on, ^ ^ 

CODI»G.STA«DAPD tokens at the this chang e of 

positioned as y handled. The token says a 

„• compression ^^JJ^ ^ginning and that control 
certain coding standard ls g configures .11 the 

information flows down the machine a ^ ^ 

other registers at the appropriate time. 

program each register. M £orm predictions 

, 0 The prediction token signals on which 

' using the hits in the ^""^ Jcuitry translates 
compression standard is srandard , i.e. from the 

the information that is found in th proce ssing is 

Oitstream into a prediction mode token. 
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Zl. it is -c—r..nd parser state machine, 

-her it 1S easy to raanipulace bics ■ 

conditions. The start Code D£tecror , eneraces Cer s " 

S : Ctl °" °° de -en flow . down th . aa=h C 

to the circuitry of the Temporal Decoder, which is the device 
responsible for forming predictions. The circuitry of 

ZTl TV' interPreCS thS '<*•» having to know 

-hat standard it is operating in because the bits in it ar= 
invariant in the three different standards. The Spatial" 
Decoder just does what it is told in response to that tok-n 
By having these tokens and using them appropriately, the 
design of other units in the machine is simplified. Although 
.here may be some complications in the program, benefits «- 
receded in that some of the hard wired logic which would be" 
difficult to design for multi-standards can be used here. 

2. JPEG STILL PICTURE DECODING 

As previously indicated, the present invention r->»-. 
to signal decompression and, more particularly, to the 
decompression of an encoded video signal, irrespective of the 
compression standard employed. 

One aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder) to decode a first 
encoded signal (the JPEG encoded video signal) in combination 
with a second decoder circuit (the Temporal Decoder) to 
decode a first encoded signal (the MPEG or H.261 encoded 
vxdeo signal) in a pipeline processing system. The Temporal 
Decoder is not needed for JPEG decoding. 

in this regard, the invention facilitates th. 
decompression of a plurality of differently encoded signals 
through the use of a single pipeline decoder and 
decompression system. The decoding and decompression 
P^elxne processor is organized on a unique and spec.ai 
confxguration which allows the handling of the multi-standard 
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encod« ,video signals through the use of t^H ■ 
compatible with the si „ fl u , techniques all 

syste,. T he Spatial o! " ^ 

Decoder and the H " With the T «Por.I 

display.' lde ° F ° rraatter 15 u "< in living a video 

^^ 0 r:::\z,T D inv ; ntion is the - - - 

^ use Wi th ' c tuT "t^ ^ ^ 

--pendent s P a t i al o.^"^ ^^1^ T m 

Picture data which Ts oas ** COUprmi ° n ° f the Vernal 
distributed wxthin asso 7 „ ^ ^ PiPSline ^ 13 

-ndard mdepe^ J ^ Ir^l 

the storage and retrieval " ^"J"* 100 ClrcUlts handling 
StiM Dlr „ 31 ° f inf °rmation into the memories 

Picture data is decoded =n- 
Decoder a „n • aecod ed at the output of the Spatial 

~J:r:: n ^rr^rri;: as input - the — 

Similar pictures each h= flrst sea -"ence of 

Che Spatial Oecoder ls TZ^T^ " ^ °" CP " ° f 

the p.cture reaches ! h ^ by Che 

second s» ° PUt ° f the S P" ial Decoder. a 

p i e ~ n r r tures may hav ° a 

compared to \h e e X^JT 3 ""^ «™ 

seouence of s ilila ' t „ ^ o( ^ in ' '» ^ -ond 

b y Che ti„e such pictures reach !„ len,th 
Decoder. th * 0utput ° f tne Spatial 



the A T„co er aSPS " ° f inVenti °" 15 «° -ternally or,ani 2e 

:l e .' n " nin . 9 " and " d "«= bi t .tr.« into a s^u.L J 

in combination ; 
sitioned reconfiq 
standArH i ^ " Q,1U organized to act as a 

"ndard-mdependent. reconf iaurable-pipeline-processor. 



control tokens and DATA tok'.n"""""" int ° 3 S6qUenCe of 
Plurality of ' ln c °" bi n«ion with a 

p-cessii, 3t 9 es ~ed"aT itioned — 

* selected and oraani 7 oH ,~ _ 
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with * re9ard t0 JPEG d6COding ' 3 Sin * le spatial Decoder 
with no off chip DRAM can rapidly decode baseline J ?EG 

; M9 "" ThS SpaCial Decoder ""PPorts all features of 
baseline j PEG encoding standards. However the imao ■ 
> that can be decoded may be limited. by the si ' 2e of the out^t 
buffer proved. The Spatial Decoder circuit also includes 
a random access memory circuit, having machine-dependent 
standard independent address generation circuits for handling 
the storage of information into the memories. 
10 As previously, indicated the Temporal Decoder is not 

required to decode JPEG-encoded video. Accordingly, signals 
carried by DATA tokens pass directly through the Temporal 
Decoder without further processing when the Temporal Decoder 
is configured for a JPEG operation. 

Another aspect of the present invention is to provide in 
£ the spatial Decoder a pair of memory circuits, such as buffer 

£ memory circuits, for operating in combination with th- 

Huffman decoder/ video demultiplexer circuit (HD * VDM, I 
first buffer memory is positioned before the HD * VDM , and a 

HdT,™ U d ffe H mSm0ry 13 P ° Siti0ned HD & VDM. The 

HD & VDM decodes the bitstream from the binary ones and zeros 

that are in the standard encoded bitstream and turns such 
stream into numbers that are used downstream. The advantage 
of the two buffer system is for implementing a multi-standard 
2, decompression system. These two buffers, in combination with 
the identified implementation of the Huffman decoder, are 
described hereinafter in greater detail. 

A still further aspect of the present multi-standard 
decompression circuit is the combination of a Start Code 
Detector circuit positioned upstream of the first forward 
buffer operating in combination with the Huffman decoder. 
One advantage of this combination is increased flexibility in 
paling with the input bitstream, particularly padding, which 
has to be added to the bitstream. The placement of these 
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identic components, start Code Detector 

and „ ufflBan decoder t ;; eraory buffers - 

se^ences in the input bi tstrea m . ^ ° f Wt * in 

in addition, off chip DRAMs are used f or deco(H • 
encoded video pictures in real time. The si2e and ' 
the ouffers used with the DRAMs will dlp^ on th^ °' 
encoded data- rates. the Vldeo 

The coding standards identify all _k 

in the DRAM s aSS oc iated wtth th . SpatTa! Oec d er 
standard independent circuitry. US1 " g 
3. MOTION PICTURS DECOMPRESSION 

In the present invention, if , otio „ pictures ar . 
decompressed throuch the steps of de/odin, a ^ 

T t a rc";; 3 " eCe5Sary - Te — 1 Decoder colt 

v-fie aata decoded in the» e n . f ( .i 

j-n tne Spatial Decoder with oirfnr.. 

:e r ;::: u :t y a:rr h that are «« «^.v" 

Te m poraroecode r ^r"^"' C ™ ly ™« 
information to ^'j'" =«««« ^tastrea™. 

information. The Temporal Leo \. "" P °""^^^ed 

temporaii, and spatially ax,^/ or^Tr ^ IT 

r „ in such a way as to dec ° de <*• — \ D ; 
a; d r^nr, r ul r e t picture c ™ iy — ° 

anH . 9 ltn a res u±tant picture that is complete 

Picture can be stored for h Mt,rMtlv ' 1 *- th " r..ult.„t 
of subseouent pic" r.. ^"^^ u " in ""din, 

be-.een n pic 1 t ly ' th " T " p0 " 1 P«'°™s tne processin, 

be ween Pictures exther earlier and/or later in time with 
reference to the picture currently bein, decoded. T h. 

•:!tT„ ra t h DeCO H er rein "° dU «* information that is not encoded 
-ithxn th e coded representation of the picture, because it is 
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surrounding it born k - Pictures temporally 

^"y it. Doth before and after -th ; • 
be made greater 1( notion compens r t : on Th - J «" 
Temporal Decoder and decompression clrcuu als / P r ^ ™- 
redundancy between related pictures. 

De= od In a " 0ther aSPe " ° f PrSSent lnve "i°n. th. Temporal 
Decoder is e mp l oy ed for handUn, the standard-dependent 
output .nfor.at.on from the Spatial Oecoder. This .Lndard 
^pendent information for a single picture i. distributed 
"^r 1 »' <»« in th. sense that tne 

decompressed output information, processed by the Spatial 

:; r '„::; toed °- by othec r and0 

access memories havina <;t- i i 1 ~*-u 

ing still other machine-dependent 
standard-independent address generation circuits o^ 
combining one picture of spatially decoded information pac.et 

u»rrv r decoded piccure inf °-«^- e jr.u 

displaced relative to the temporal position of the first 

picture tirsi 



encod ; Ultl - Sta " dard =i«"it. capable of decoding „ PEG . 

support the larger picture formats possible with MPEC 

The pxcture information is moving through the serial 
P.peUne in a pel by a pel blocks. m one form of 

ZZT: add " SS dSCOding Cir=Ui "^ ha " dl - «>... pel 

The add 5 Snd such bloc, boundaries 

tnSV "" ° f Such 8 * P-l "locks across such boundaries 
This versatility is more completely described hereinafter ' 
second Temporal Decoder may also be provided which 
passes the output of the first decoder circuit (the Spatial 
Decoder, directly to the video Formatter for handling without 
signal processing delay. 
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^d7.T al r° der alS ° re9CderS thS bl ° Cks of picture 
for display by a display circuit Tho 

circuitry, describe h ' The addres s decode 

reordering — P™"" handling Qf ^ 

As previously mentioned, one important future Q , 
Temporal Decoder is to • ~ ■ Mature of the 

aer is to add picture information together fro^ 
a selection of pictures uhirh t, y r tro:n 

than ^ h Pictures „hich have arrived earlier or later 

than the picture under processing. when a picture is 
described in this context it n*v, Picture is 

following: ' "** B " n ^ ° ne of ^he 

1. The coded data representation of the picture- 

2. The result, i. e ., tne final decoded picture 
resulting from the addition of a process step 
performed by the decoder; 

3. Previously decoded pictures read from the DRAM; and 
~. The result of the spatia! decoding i. e ., the extenc 

of data between a PICTURE_START token and a 
subsequent PICTURE_END token. 

20 i„ B PlCtUre inf °™«i°n i= processed by the 

Temporal Oecoder. it is either displayed or written back into 
a Picture memory location. This information is then kept for 

o^ed d7t eferenCe C ° ^ ^ <™=^ ™ different 

coded data picture. 

Re-orderin, of the MPEG encoded pictures for visual 
display evolves the possibility that a desired scrambled 

picture can be achieved by varvina tho M 

^. ^ y var y in 9 the re-ordering feature of 

the Temporal Decoder 
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4 . RAM MEMORY MAP 

_ The spatial Oecoder. Temporal Decoder and video 
-matter all use external DRA«. PreferaMy. the same DRAW 
-s used for all three devices. While all three devices use 
°RA«. and all three devices use a OKA* interface in 
conjunction with an address generator, what each implements 
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in DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser. 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented . 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 
two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I), 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past. I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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Previously d.H rf f0rmin ' «'™<"«l«« «ro- a 

previously decoded P or I picture. The decoded P pi ct ur= is 
-or.d ln a picture bufter (or decodi B P picCu r ;.; S 

j; ctures '««^» p-dic t io„s to „ toth of the p p c 

buyers. However, s P i ctur es are not stored in the 

Note thet I and p pictures are not output fro. 
Temporal DeC oder es they ere decoded. Ins tead, I and I 
pictur.. are written into one of the picture buffers, and a-e 
read out only . hen a subsequent I or P picture arrives for 
° d " 5 ' In ° th « <*• Te^poraX DeC0 d er reUes on 

subsequent P or I pictures to fiush previous pictures out of 
the two p.cture buffers, as further discussed hereinafter in 
the section on flushing. m brief, the Spatial Oecoder can 
prov de a fa k e i or P picture at the end of a video sequence 
to flush out the last P or I picture. In turn, this 
Picture xs fiushed when a subsequent video sequence starts 

The peak memory band width to^ 

r ana wi atn load occurs when decoding B 
pictures. The worst case i<* n - 

nroHl -^. 13 the 8 frame ma y ^ formed from 

predictions from both i-k« • ^ 

° th tne Picture buffers, with all 

predictions being made to half- P i xe i accuracy. 

As previously described, the Temporal Decoder can be 
configured to provide MPEG picture reordering. with this 
Picture ^ordering, the output of p and X pictures is delayed 
until. the next P or I picture in the data stream starts to be 
decoded by the Temporal Decoder. 

As the P or I pictures are reordered, certain tokens ar« 
stored temporarily on chip as the picture is written into the" 
Picture buffers. when the picture is read out for display, 
these stored tokens are retrieved. At the output of the 
^emporal Decoder, the DATA Tokens of the newly decoded P or 
I picture are replaced with DATA Tokens for the older P or * 
picture . 
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^contrast, H ' 2 ^ makes predictions oniv f 
Picture just decode * Y from th « 

just decoded. As each picture is decoded it- • 
-"tt.„ into one of the two picture buffers so it can b " 
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predictions with inteaer ^ ' 3nd fo ^mg 

n lnteger accuracy motion vectors 

m brief, the Video Formatter stores three frame, 
Pictures. Three pictures need to be stored to ' " 
such featuroB =. stored to accommodate 

features as repeating or skipping pictures. 

5. BITSTREAM CHARACTERISTICS 

characteristics of th . ' " ™ Vl "' th « bit «re am 
characteristics °« . d "«""» « »es, 

standard is achieved bv varvinn 
it u... to code the pictures" " " " = :ha '- 
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that the lenL of a h , »P~i««Uy. this means 

Picture of ^ picture " •"«-• - reference, 

ion,, another picture Tifht e " ™ 

-iii a thir d p^ure :::r/;e rrc" of u ; its i?n9 - uMie 

Non. or the existing standar c " I V^riT 

define a way of ending a picture t J , ' 261) 

-hen the next Picture starts tne lnPUC " i0 " bein * «*« 
^itionaiiy, che ^ < * ™ «• - Wished. 

incomplete pictures to he oener ted I T ^ 

generated by the encoder. 
In accordance with the Dr « sn . • 
provided a way of indicating the end ' iS 

one of its toKens: PICTURE Lo £ °' . * , P ™ * U ' ln * 

dar , , - " Ul The still encoded picture 

data leaving the start Code Detector " • 

starr ,nr, •• "etector consists of pictures 

starting with a PICTURE START l. 

uCken and ending w . th a 
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PICTURE_END token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and second picture) , but it is known that the first picture 
has finished. 

The data stream at the output of the Spatial Decoder 
consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture-end may vary. 

The Video Formatter takes these pictures of non-uniform 
time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world, e.g. PAL-NTSC 
television standards. This is accomplished by selectively 
dropping or repeating pictures in a manner which is unique. 
Ordinary "frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the Video Formatter 
can handle a variable input picture rate. 

6. RECONFIGURABLE PROCESSING STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 33 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 3 3 is applied to a processing unit 36 
over the two-wire interface 37 and an action identification 
circuit 39. The processing unit 36 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 3 6 connects such completed 
signals to the output, two-wire interface bus 4 0 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 3 3 over the two-wire 
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interface bus 40 and/or from memory circuits 43 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 39 and the processing unit 36. The 
action identification function as well as the RPS is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure 10 
illustrates those stages shown in Figures 11, 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 3 6 and onto the two-wire interface circuit 4 2 through 
the output latches 41. If the Control Token is recognized, by 
the RPS, it is decoded in the token decode circuit 3 3 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
4 2 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038 . 8 . 

In the present invention, the token decode circuit 3 3 is 
employed for identifying whether the token presently entering 
through the two-wire interface 42 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same- time, the token decode circuit 3 3 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed. 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 

3 9 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 
this way, the action identification circuit 3 9 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 3 6 which is under 
the control of the action identification circuit 39 is now 
ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 

4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

In the present invention, the action identification 
circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 
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Such registers can be either on-chip or-off chip as needed. 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
action information has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 4 0 is going straight from the token decode 3 3 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 43 and 44, the current token under 
processing, and the state and history information that the 
action identification unit 39 has itself acquired. A 
distinction is thereby shown between Control tokens and DATA 
tokens . 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 
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the stages of circuitry has the processing capability within 
it to be able to perforin the necessary operations for each of 
the standards, and the control, as to which operations are to 
be performed at a given time, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a COD I NG_ST AND ARD token. In 
otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program. This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

The inverse quantizer 7 9 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K. Another flag tells the inverse quantizer 
whether to add another constant. The inverse quantizer 
remembers in a register the CODING_STANDARD token as it flows 
by the quantizer. When DATA tokens pass thereafter, the 
inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards. Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard. The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the. macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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form of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 39 
of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 

More specifically, an MPEG start code and a JPEG marker 
are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context, the Start Code 
Detector 51, by detecting either an MPEG start-code or a JPEG 
marker, indicates that the following 8 bits contain the value 
associated with the start-code. Independently, it can then 
create a signal which indicates that it is either an MPEG 
start code or a JPEG marker and not an H.261 start code. In 
this first instance, the 8 bit value is entered into a decode 
circuit, part of which creates a signal indicating the index 
and flag which is used within the current circuit for 
handling the tokens passing through the circuit. This is 
also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 
various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 
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applied to an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to identify the 
picture-start of a picture number as indicated by the value. 

The system also includes a multi-stage parallel 
processing pipeline operating under the principles of the 
two-wire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 33 is employed to direct 
the token presently entering the state machine into the 
action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 
token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 
separate standard, such as MPEG. The same two-wire interface 
is used for carrying both the control tokens and the DATA 
Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
stages. More specifically, the PICTURE^ END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 
machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PICTURE_END token. This PICTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

8. MULT! -STANDARD PROCESSING CIRCUIT - SECOND 
NODE OF OPERATION 

A compression standard-dependent circuit, in the form of 
the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus. The standard-independent 
circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard-independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 
multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9 . START-CODE DETECTOR 

As previously indicated the Start Code Detector, in 
accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 
decoding is achieved, the MPEG (1 and 2) picture^ start_code , 
the H.2 61 picture_start_code and the JPEG start_ of_ scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal PI CTURE_START token. In a 
similar way, the MPEG se'quence_start_code and the JPEG SOI 
(start_of_image) marker both generate a machine 
sequence_start_token. The H.2 61 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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ZLlTtr** of the tokens ' and are prepared to h - die 

s a r:::r: t i;^: eceived - hen the °™ ™« 

standards PrSVi r Sly dMCrib " d ' ° ne ° f ™* Session 
standards, such as H.261, does not have a sequence start 

image in its data stream, nor does it have a PICTURE r VD 
image in its data stream. The Start Code Detector indicates 
the PICTURE_END point in the incoming bit stream and creates 
a PICTURE_END token. In this regard , the system Qf ^ 
present invention is intended to carry data words that ar- 
fully packed to contain a bit of information in each of the" 
register positions selected for use in the practice of the 
present invention. To this end, 15 bits have been selected 
as the number of bits which are passed between two start 
codes. Of course, it will be appreciated by one of ordinary 
SKill in the art, that a selection can be made to include 
either greater or fewer than 15 bits. m other words, ail i 5 
bits of a data word being passed from the Start Code Detector 
into the DRAM interface are required for proper operation, 
accordingly, the Start Code Detector creates extra bits 
called padding, which it inserts into the last word of a DATA 
Token. For purposes of illustration 15 data bits has been 
selected. 

To perform the Padding operation, in accordance with the 
present invention, binary 0 followed by a number of binary 
l's are automatically inserted to complete the 15 bit data 
word. This data is then passed through the coded data buffer 
and presented to the Huffman decoder, which removes the 
padding. Thus, an arbitrary number of bits can be passed 
through a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
to identify a slice of the picture. A slice_start control 
token iS employed to segment the picture into smaller 
regions. The size of the region is chosen by the encoder. 
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and t*e Start Code Detector identifies this unique pattern of 
the slxce_start code in order for the machine-dependent state 
stages, located downstream from the Start Code Detector - 
segment the picture being received into smaller regions 
size or the region is chosen by the encoder, recognized bv 
the Start Code Detector and used by the recombination 
circuitry and control tokens to decompress the encoded 
picture. The si ice_start_codes are principally used for 
error recovery. 

The start codes provide a unique method of starting up 
the decoder, and this will subsequently be described in 
further detail. There are a number of advantages in placing 
the start Code Detector before the coded data buffer as 
opposed to placing the Start Code Detector after the coded 
data buffer and before the Huffman decoder and video 
demultiplexer . Locating the Start Code Detector before 'he 
first buffer allows it to 1) assemble the tokens, 2, decode 
the standard control signals, such as start codes, 3) pad th- 
bitstrearr. before the data goes into the buffer, and 4) create 
the proper sequence of control tokens to empty the buffers 
pushing the available data from the buffers into the Huffman 
Decoder . 

Most of the control token output by the start Code 
Detector directly reflect syntactic elements of the various 
Picture and video coding standards. The Start Code Detector 
converts the syntactic elements into control tokens m 
addition to these natural tokens, some unique and/or machine- 
dependent tokens are generated. The unique tokens include 
those tokens which have been specifically designed for use 
with the system of the present invention which are unique in 
and of themselves, and are employed for aiding in the multi- 
standard nature of the present invention. Examples of such 
unique tokens include PICTURE_END and CODING_STANDARD . 

Tokens are also introduced to remove some of the 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly , in many situations, unique start 
control tokens must be created which are compatible not only 
with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream. A separate set of index signals, 
including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
dependent control signals to emulate the handling of the 
standard data and non-data signals. For example, the 
slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 24 
cycles, the 24 bit register is full. 
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Every 8 cycles, the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register* The value decode shift register 230 is 
still empty. 

Assuming that there is now a P I CTURE_ST ART word in the 
2 4 bit shift register, the detect cycle recognizes the 
P I CTURE_ST ART code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 230 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the PICTURE_START. The Spatial Decoder equivalent to the 
standard PI CTURE_START signal is referred to as the SD 
PICTURE_START signal. The SD PICTURE_START signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header . 

10. . TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM INTERFACE 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2 . The width of the data interface to the DRAM can 
be configured to provide a cost /performance trade 
off for different applications. 

In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Accordingly, to understand the operation of the DRA.- 
interface requires an understanding of the relatxonship 
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In general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order -o 

address the DRAM (& a 1-0 r-= = ^ «• 

le.g., to read from or to write to a 

particular address in DRAM) . with a two-wire interface 
reading and writing only occurs when the DRAM interface has 
both data (fro, preceding stages in the pipeline) , and a 
valid address (from address generator,. The use of a 
separate address generator simplifies the construction cf 
both the address generator and the DRAM interface, as 
discussed further below. 

In the present invention, the DRAM interface can opera- 
from a clock which is asynchronous to both the address 
generator and to the clocks of the stages through which data 
is passed. special techniques have been used to handle this 
asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the onlv 
exception being prediction data in the Temporal Decoder)* 
Transfers take place by means of a device known as a "swing 
^uffer". This is essentially a pair of RAMs operated in a 
.cuble-buffered configuration, with the DRAM interface 
filing or emptying one RAM while another part of the ch < p 
empties or fills the other RAM . A separate bus which carries 
an address from an address generator is associated with each 
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swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case* In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM, In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
(Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation ;Ls illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 3 01 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder), The 
DRAM interface treats the two wire interfaces associated with 
the address generator 301 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request/ acknowledge (REQ/ACK) protocol . 

A unique feature of the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 3 01 and with the stages that provide or accept the 
data. For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24) , but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 3 01. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 3 03 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 302 determines which swing buffer it 
will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others) . In both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a write swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 
operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator makes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/stop" 
technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
the three LSBs of the address, the y value the three MSB. 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 
incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9, 10, 11, 
12, 13, 14, 15, 17..., 23, 25, ...,31, 33, ,57, ...,63 

is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 
address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB. In this case, 
while the DRAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero. The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 
interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half -pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final. point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x jind y) ; and 

a two bit number to indicate the order of the blocks 

The last byte flag can be generated as the data is r -ad 
out of the swing buffer. The other signals are derived f^ 
o the address generator and are. piped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
10 external DRAM in blocks, but is read out in raster order 
writing is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex. 

The data in the video Formatter, external DRAM is 
organized so that at least. 8 blocks of data fit into a single 
13 PagS - These 8 blocks 8 consecutive horizontal blocks 

When rasterizing, 3 bytes need to be read out of each of a 
consecutive blocks and written into the swing buffer (i.e., 
the same row in each of the 8 blocks) . 

Considering the top row (and assuming a byte-vide 
10 interface), the x address (the three LSBS) is set to zero as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point 
the top part of the address (bit 6 and above - LSB = bit 0)' 
is incremented and the x address (3 LSBS ) is reset to zero. 
This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively, 
instead of by one. 

In the present invention, the address generator can 
signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This is achieved by using start and stop values. The start 
value is used for the top part of the address (bit 6 ar.i 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 

CP 15 length, and the cycle chain's length changes as appropriate 

6S 

;^ during a page start. 

M» On reset, the chains are cleared and a pulse is created. 

The pulse travels along the chains and is directed by the 
g state information from the DRAM interface. The pulse 

M; 2 0 generates the DRAM interface clock. Each DRAM interface 

O 

clock period corresponds to one cycle of the DRAM, 
fU consequently, as the DRAM cycles have different lengths, the 

2 DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
2 5 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 
30 particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. The essence of the structure of the 
prediction filter is shown in Figures 18 and 28. A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
Invention." 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.2 61 modes, but 
not in the JPEG mode. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 
Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 
the H.261 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 
is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 3 31 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate. After 
the necessary transposition is performed by a dimension 
buffer stage 333 , an I-D prediction is performed on the Y- 
coordinate in stage 3 34. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 
compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 



to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSING REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14. MICRO— PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 



138 



are used on this interface. The character of the signal is 
shown on the input/ output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MPI 
electrical specification are shown with reference to Table 
A. 6. 2. All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 
are shown in the respective columns roin, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A. 6. 2. The DC electrical 
characteristics are shown with reference to Table A. 6.4 and 
carry the same column headings as depicted in Tables A. 6. 2 
and A. 6 . 3 . 

15. MPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 
Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds . The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
signals . 

16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 
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are shown with reference to Figure 54. This Figure shows 
each individual signal name as associated with the MPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
reference to Table 6.6. 

17. KBYHOLB ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A keyhole register has two registers 
associated with it. The first register is a keyhole 
address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 
the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 
the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes . 

18. PICTURE-END 

Referring again to Figure 11, there is shown a 
general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of P I CTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 
MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration shovn 
with reference to Figure 10. 

In general, the PICTURE^ END function in accordance with 
the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in. the DRAM interface. 
Recall, that the contents of a swing buffer are only 
written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The PICTURE_END 
token forces the data out of the swing buffer. 

Since the present invention is a multi-standard machine, 
the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 
the total available action cycles can be selected by a 
combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 
going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 
PICTURE_END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexer circuit. 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demultiplexer, the end of picture 

signals applied to the Huffman decoder and video 
demultiplexer circuit. In this situation the info 

; ei v n che coded — - -ppu- « : e ::r n 

decoder and video demultiplexer as a total picture. " 
this way. the state machine of the Huffman decoder and 
video dem ul tiplexor can .till handle the data according to 
system design. 9 ° 

Another advantage of the PICTURE_END control token is 
its ability to completely empt y the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Yet another advantage of the PICTURE_END function is 
it. u.. in error recovery. Fo r example, Assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
renCe .;° 3 Sin9le • Accordingly, the last 

b f eT I' 1 T hSld ^ ^ bU «" -til a full swing 

buf.er, but, by definition, the buffer will never fill At 
some point, the machine will determine that an error ' 
condition exits. Hence, to the extent that a PICTURE END 
token is decoded and forces the data in the coded datl 
buffers to be applied to the Huffman decoder and video 
demultiplexor, the final picture can be decoded and the 
xnformation emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE END 
token is that the serial pipeline processor will continue 
he processing of uninterrupted data. Through the use of a 

PICTURE END token, the serial pioelino ^ 

^aj. pipeline processor is 

configured to handle less than th a ~ 

^ tnan the expected amount of data 
and, therefore, continues procesqinn -n 

processing. Typically, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area. In 
addition, the Huffman Decoder and Video Demultiplexer 
generally know the amount of information expected for 
decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 
from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE^ END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexor , it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 
Demultiplexor that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE^ END 
control token generated by the Start Code Detector. Under 
normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 
empty. The PICTURE_END control token is decoded in the 
Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexor either directly or 
through the DRAM interface. 

19. FLUSHING OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
of the state machines recognizes a FLUSH control token as 
information not to be processed* Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 
Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 
only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTURE_END token alone or in combination with a FLUSH 
token is the reconfiguration and/ or reorganization of the 
Huffman Decoder circuit. With the arrival of the 
PICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 
2X>. FLUSH FUKCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. More specifically, the present invention 
comprises a combination of a PICTURE_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
stages to continue processing. This prevents a loss of 
data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP-AFTER PICTURE 

The STOP_AFTER_PICTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, a PI CTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_ PICTURE operation signals the end of all current 
processing. 

22. MULTI -STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH MODE control token which is used to reconfigure 
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the input to the serial pipeline processor to look at the 
incoming bit stream. When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards- It 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

- The Start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group_start standard image. When such an image is 
identified, the Start Code Detector generates a GROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING^ STANDARD 
signals. The CODING_STANDARD signals are conveying 
information directly from the incoming bit stream as 
required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 

This mode of operation has been selected because it 
is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves . 

23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains- the requisite 64 values. 
Thereafter, the values in the DATA Tokens are quantized 
coefficients which can be used by the Inverse Quantizer. 



24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 
Quantizer has been adapted for use with tokens* The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 102 4 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFMAN DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.2 61, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
Huffman decoders, one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once* Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 
323, the Index to Data unit 3 24, the ALU 32 5, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation . 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
ward alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block- level information. Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 32 4 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. In particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture , " and start of macroblock codes . 

In accordance with the present invention, the Token 
Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman -Decoder 321 also identifies certain data 
that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

This index number is then passed to the Index to Data 
unit 324. In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 



format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 3 24, the decoded index 
number or other data is passed, together with the 
accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
form tokens. The tokens are then conveyed to the next 
stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DISCRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 
encode the data. However, in the present invention, 
significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 
the upper and lower portions of the algorithms is 
increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 



Th. f * reSP ° ndS " 3 " Umber ° f -«lti-. t .„ d « rd tokens 
The first portion of the ID CT checKs the entering 
ensure that the DATA toKens are of the correct size tl 
processing. In f .«, the token stream ^ » '« 

scne Situations if the error is not too large. 

27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
xncoming video information and supplies the address 
generators with information on the timing of the datas 
arnyal, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 
arrxval rates will generally vary according to errors in 
encoding, decoding or the source material used to ^ea- 
ch, data. When information arrives at the Buffer Manager 
xt is decompressed. However, the data is in an order tha^ 
is useful for the decompression circuits, but not for the" 
particular display unit being used. When a block of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use m doxng this, the Buffer Manager takes into account 
the f conversion necessary tQ adjust . n(= 

data blocks so thev are nr*»co«^=»Ki 

y are P res entable on the particular 
display device being used. 

in the present invention, the Buffer Mnager primarily 

supplxes information to the address generators. 

Nevertheless, it is also required m i „«. * 

4Uirea to interface with other 

elements of the system. For example, there is an interface 
with an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the wr::. 



addre^ .generators 

display dewice is ' nf ° r » t "» «" """her the 

H.n.,„ , lso c= ir : d h : ;;t r daca - t - »«•»« 

have cleared in, display address generators 

e cleared information fro* a buffer for dispiay 

of h t er a particuiar buffer is e m pty, f ull , ready P 
1° " " 3lSO tr.cc of the presentation 

° " SOClated " ith «» P*»icular data in each buffer 

the b « BU " er M3na9er d «e™ines the states of 

the buffers. ln par t. by m aKing only one buffer at a tLe 
ready for display. Once . h„„ • 

is in „ ., buffer is displayed, the buffer 

the stafnc w ^ OKen ' xt determines 

he status of each buffer and its readiness to accept new 

BufL „ eXamPi °' " e PICTURE -"ART toKen causes the 
Buffer Manager to cycie through each buffer to f ind one 
-hich is capable of accepting the new data 

rul T cTs B ta" d er r na9er al " bS " handle the 

e=e .I " rSqUirementS dl «"« * 'he toKens it 

sj ;: s dur \vr h H - 261 standard - data — 

Buffer Mnager 9 the'dala to ^tp^'^'T'" " ^ 

the buffer in which it is stored ^ "°" 

Thus, by managing the buffers H a <- = 
» • _ ^ "utters, data can be effectively 

displayed accordino to i-h~ e^ecrively 

encode the « a .rT"^"" S "" d « d to 

the.particuiar ype of dlsp a d^- " d 

^ype of display device being used. 
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The foregoing description is believed to 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a multi-standard 
video decoder chip-set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization , clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

■ Description of features common to chips in the 

chip-set: 

• Tokens 

•Two wire interfaces 

• DRAM interface 

• Microprocessor interface 

• Clocks 

• Description of the Spatial Decoder chip 
•Description of the Temporal Decoder chip 

SECTION A.l 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set. 

A. 1.1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
NAMES_OF_TOKENS 
wire_name active high signal 
wire_name active low signal 
register_name 
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SECTION A.2 Video Decoder Family 

• 30 MHz operation 
•Decodes MPEG , JPEG & H.261 

Coded data rates to 25 Mb/s 
Video data rates to 21 MB/s 

MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

• Full JPEG baseline decoding 
Glue-less page mode DRAM interface 

• 208 pin PQFP package 

• Independent coded data and decoder clocks 

• Re-orders MPEG picture sequence 

The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
decoders. The chip-set is currently configurable to 
support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
720 x 480, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 480, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 
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A, 2.1 System configurations 
A, 2. l.i output formatting 

In each of the examples given below, some form of output 
formatter will be required to take the data presented at 
the output of the Spatial Decoder or Temporal Decoder and 
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re-forma* it for a computer or display system . The details 
of this formatting will vary between applications. m a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
chip-set, it will merely pass the data through the Temporal 
Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM will be required by each of the Spatial Decoder and 
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the Temporal Decoder. 
A. 2. 1.5 MPEG decoding 

The configuration required for MPEG operation is the 
sa.e as for H.251. However, as will be appreciated by one 
of ordinary skill in the art, larger DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 




O 



159 



SECTION A.3 Tokens 

A. 3*1 Token format 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set. While in the present invention, each 
word of a Token is a minimum of 8 bits wide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width- Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A* 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit) . The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 *Tta DATA Token 

t h e T nL D t ATA c TOken C3rrieS <"» jessing stage to 

e next. Consequently, the characteristics of this Token 
_ change as it passes through the decoder. Furthermore, the 
= meanxng of the data carried by the DATA Token varies 

depending on where the DATA Token is within the system 
i.e., the data is position dependent. m this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 

wTl\ ^ SXamPle ' " inPUt ° f the Spatial Decod -< 

DATA Tokens carry bit serial coded video data packed into 3 
bit words. At this point, there is no limit to the length 
of each Token. m contrast, however, at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 
and each word is 9 bits wide. 
A- 3. 3 Using Token formatted data 

In some applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. m mos t cases it will be 
sufficient to collect DATA Tokens and to detect a few 
Tokens that provide synchronization information (such as 
PICTO-RE.START, . In this regard, see subsequent Actions 
A. 16, Connecting to the output of Spatial Decoder", and 
A. 19, "Connecting to the output of the Temporal Decoder" 

As discussed above, it is sufficient to observe activity 
on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. m addition, the Address field can be 
tested to identify the Token tin US nt^ 

T unwanted or unrecognized 

,okens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 

appropriate action to occur. 
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Furthermore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface. 
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2 | 1 | 0 j Token Name ' 


Reference 




j 0 ; 0 j , [ | | 


OUANT.SCALE | 


! c:, i°i i i i i 


PREDICTI0N_MO0E J 




(reserved) j 


i=:o|o j | 


MVD_FOR WARDS J 




! 'i 1 1 1 


MVD_BACKWARDS 


0 : 0 | 0 j 0 i j 


QUANT_TABLE 




1 

i 


o: oj o o o 


1 


DATA 




' : 1 1 °l 0 0 o j COMPONENT_NAME 




' : 1 1 °l °| °| 1 1 I 


DEFINE.SAMPLING 




' j 1 j 0 ) 0 j 1 | 0 | | 


JPEG_TABLE_SEL£CT 




i; i| o| oj i| t| j 


MPEG_TABLE_SELECT 






1 1 t j 0 1 0 0 


TEMPORAL_REFERENCE 






1 j 1 1 0 1 0 1 




MPEG.DCH/TABLE 




j 


* : i j o J i 1 o I 


(reserved) 




j ! ; 1 | 0 1 1 1 | 
• • • 


(reserved) 




jt'ilijo o o of 


(reserved) SAVE_STATE | 


1 - ! 1 1 i | o | o o | i 


(reserved) RESTORE_STATE 




| I : 1 j 1 | 0 j 0 j 1 J 0 




TIME_COOE 




| I ! l j 1 | 0| 0 j 1 | I 


(reserved) 




; c . o ; o j o J o ( o j o o 


NULL 




j o ; o j o o o o o 1 


(reserved) 




J o I 0 0 0 0 | 0 | 1 0 


(reserved) 




i o ! 0 j 0 0 j 0 j 0 | 1 1 


(reserved) 




o ; 0 j 0 1 0 j 0 0 0 


SEQUENCE.START 


o ; o J o 1 j o o [ o 


1 


GROUP_START 




o ; o o 1 o o i o 


PICTURE_START 




j o ; o o j i o|o i t 


SLICE.START 


| o | o i o i i o 1 


oj 0 


SEQUENCE.END 




! -3 0 ! 0 I t 0 j 1 o|l 

: • 1 


CODING_STANDARD 




■J 

I ^ 
• V 
1 


= 0 ; o | 1 j o | i i 


0 


PICTURE_END j 


' 0 j 0 J 1 j 0 j 1 1 1 


FLUSH | 


I o ; o ; o I i j i | o o o FIELD JNFO j j 



Table A.3.1 Summary of Tokens 
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7 { 6 I 5 4 3 2 1 


0 " Token Name 


Reference j 


0 j 0| of 1 | 1 j 0| Oj 


i MAX_COMPJD 




o I 0 j 0 | 1 | 1 | 0 | 1 | ( 


3 EXTENSION_DATA 


Oj Oj 0! 1 { 1 0 | 1 J 


USER_DATA 




| o; o| oj l| 1| ,| 0 | c 


) DHT_MARKER 




0 0 | 0 1 1 | i o | 1 


OQT.MARKER 




0 j 0 j 0 1 1 1 i j o 


(reserved) DNL.MARKER 




o i o I o i 1 1 i j i 


(reserved) DRI.MARKER j 


t ! tj ijoj ijojojo 


(reserved) 


1 : i ! i j o j 1 1 o | o i 


(reserved) 




1 i 1 1 i o 1 o 1 | o 


(reserved) 




1 i 1 f t | 0 | 1 | 0 j 1 j 1 


(reserved) 




i ! 1 | i o t i o 


0 


BIT.RATE 




i ! i j i o | i i o 


1 


VBV_BUFFER_S1ZE 






i ! 1 1 1 o | i i 1 1 o 


VBV_DELAY 




1 i 1 j i o j 1 1 1 1 1 i 


PICTURE.TYPE 




tMjijijo o o j o 


PICTURE.RATE j j 




1 ! 1 ! 1 1 | 0 | 0 0 1 


PEL.ASPECT | | 


| i ; 1 1 i I i o | o 1 o 


HORlZOKTAL_SlZE 


| 1 i 1 i ' j 1 1 o | o 1 i 


VERTICAL.SIZE 


j 1 j l i 1 | 1 j 0 | 1 0 


"1 


BROKEN.CLOSED | 


M i ' I i | t j o| 1 1 o i 


CONSTRAINED 




j 1 ' i j 1 | 1 j 0 1 1 0 


(reserved) SPECTRAL_LIMIT 


1 


i 


1 ! 1 M M | o| 1 1 i 1 


DEFINE.MAX.SAMPLING 




1 ; 1 j 1 ( 1 j 1 j 0 0 0 


(reserved) 




1 j 1 r 1 | 1 1 0 0 t 

1 1 


(reserved) 






i ; 1 i i | i j 1 o i j o 


(reserved) 




1 « 1 j 1 | 1 | 1 oj 1 | 1 


(reserved) 






i ! i ; 1 1 1 1 i i j o j o 


HORlZONTAL_MBS 


j i it ; i | i j 1 1 i 0 | i 


VERTICAL.MBS 


: 1 I ; t j 1 | 1 J 1 1 | 0 


(reserved) 


J 1 1 ■ 1 ! i : i i i j 1 j 1 


reserved) 





Table A. 3.1 summary of Tokens (contd) 
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A. 3. 4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note: 

. "r H signifies bits that are currently reserved and carry 
the value 0 

•unless indicated all integers are unsigned 
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Ojj b 
1 1 



1 ' 1 ' 1 | 1 I 0 



test in/o only 

Carries me MPEG bit ra*e nafam at ., a ~ 

u 1 ' d * e Parameter P.. Generals^ oy tre .-vj^.t 

decoder when decoding an mp=g tisrream. 
b • an 18 bit integer as defined by w?r. 3 



Oi 



f ^ ' M r ; r 

; t 



! I 



1 j 0 : Q j BROKEN_CLOSEO 

Carries two MPEG flags b.ts: 
c - closed_gop 
b - brokenjink 



I 



0[ 0' o\ 1 I 0 f i j o j 1 



S I s 



! ! 

i ' 

t I 



CODtNG.STANDARD 



s • an 8 bit integer indicating me current coding standard. The 
values currenny assigned are: 
O-H^Si 
1 • JPEG 




n : n . n : n : ni n 
' ! I 

i ! i 

! 



! 



I 



Communurates me relationship between a ccmconent .0 and ;ne 
component name. See also ... 

c • 2 bit component ID 

n - 8 bit component "name* 



1 ! 1 | 11 1 I oj 1 ; 0 ; 1 



' ; r ; t ; r : r | t j r ! c 

: ; I J ! : i 



CONSTRAINED 



c . carries me consrra.ned^arame:ers.n a g decoded from an 
MPEG bitsrream. 



Table A. 3 .2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet l of 9) 
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o f o ; o | o j o ; 1 1 c l c 



Description 



1 <* ■ d j d j d ! d | d ! d 



d = d , d j d 



d . d I d ; d 



OATA 

Carries data througn the decoder cmo-set. 
c - a 2 bit integer component ID (see A.3.5. t 



). Th:s Seld : 



is not defined for Tokens mat carry coded da:a Cather -an -.i e i 



information). 



1 ! 1 I 1 i 1 j 0 | 1 



r i r j r | r | f 



I 



r I r 



v v 



DEFINE_MAX_SAMPLING 

Max. Horizontal and Vertical sampling numbers. These deserve 
the maximum number of blocks horizontally/Vertcally in any 
component of a macroblock. See A.3.5.2 

h • 2 bit horizontal sampling number, 
v - 2 bit vertical sampling number. 



1 I 1 I 0 



0 0 1 



f f f 



r r r 



r | r ! r 



i I 



f t 



DEFINE.SAMPLING 

HorizontaJ and Vertical sampling numoers (or a particular colour 
component. See A.3.5-2 

c • 2 bit component 10. 

h - 2 bit horizontal sampling numoer. 

v - 2 bit vertical sampling number. 



0 ! 0 I 0 

! i 

i 



DHT_MARKER 

This Token informs the Video Oemux that the DATA Token r.at 
follows contains the specification of a Huffman :afcie described 
using the JPEG 'define Huffman table segmenr syntax. This 7 C '<en 
is only valid when the coding standard is configured as JP=G. 
This Token is generated by the start code detector during JPEG 
decoding when a OKT marker has oeen encountered in the data 
stream. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 2 of 9) 
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m 



£ 


7 | S . S 


! 4 


i * 


: 2 


i 1 • 0 


Oescnotion 


0 


Of O- 0 

i 1 


i 1 


i 1 

■ 


j ' 


1 ' i 0 


DNLJV1ARKER 




: i 


1 

i 
i 


I 

1 


This Token informs the Video Oemux mat the DATA Token :.- at ! 




i ; 

i , : 

! ' ; 






1 


follows contains the JPEG pa/ameter nl whtch soecfies the j 




i 

* : I 


i 

i 
1 


i 
i 
i 

i 


number of lines in a frame. ' 

! 




! i 1 
: i t 
i * i 






i 

i 


j 

This Token is generated by the start code det*e*or cfurm i==.-* 1 




i ; ! 






i 
j 


1 

decoding when a DNL marker has been encountered in the sa:a 




: : i 


1 




1 


stream. ! 


0 


0 : 0 ■ 0 i i 

: I I 
I i 1 


1 


i 1 


0| 1 

• 

1 


DQT MARKER i 

1 




! 1 \ 






1 

1 
1 


i 
i 

This Trtk *n ininti f H a \Arimr\ namn« tK 4 < «w — RATA t*»u^_ >^_* 
i ma us* cm imorms trie viqqq UCmUX uldl tne L/ M 1 M Token that j 




i ■ ! 






1 

I 

i 
l 


follows contains the specification of a Quantisation table desc'ioed ^ 




i i 








! 


using the JPEG "define quantisation tabfe segmenr syntax. This J 












i 

i 
1 


Token is only valid when the coding standard is configured as j 




t 
| 




I 
| 


i 

I 


JPEG. The Video Oemux cenerates a QUANT TABLP t-«p 




i 




i 




COntaintnQ the niW Quantisation fahlo infnrmaiinn 


1 


; . ! 


! ! 
I ; 


( 

1 nis lo^en 15 generates oy trie sian code detectcr cunng 

i 




i 




i i 


ucvuun ly wicn a l>vj 1 marker na5 oeen encountered m tns caiz j 

! 




i | 




! i 

• 1 


1 

stream. ; 


0 


0:0.0 


1 


1 


1 i 




DRLMARKER 

j 




I 

! i 








1 

1 


i 

This Token informs the video Oemux that the DATA Token **at ! 

1 




! j 






i 

i 


j 
i 


1 

foMows contains the JPEG parameter Ri which specifies the ' 




i ; i 

! • | 


1 1 ! 


number of minimum coding units between restart markers. j 




\ ; | ! 


i | • 

i 1 ; 


This Token is generated by the start code detector during JPE-3 




; ! | 


i 


! i 


decoding when a ORI marker has been encountered in the ca:a 


< 




f 
i 


! j 


stream. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 3 of 9) 
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cn 



7f^ 



4 ! 3 ' 2 I I j 0 



Oescnetion 



1 °! 0 Q| ' | 1 i 0 



V ' V 



EXTENSION_DATA JPEG ~ 

This Token informs the Video Oemux that Ihe DATA Token mat 
follows contains extension data. See A.i 1.3. "Conversion cf s;an 
codes to Tokens'. and A. 14.6. -Receiving user ano 

Extension data", 

Ouring JPEG operation the 0 bit field V carries the JPEG marxer 
vafue. This allows the class of extension data to be identified. 



0 0 



1 i 0 

i 



1 i 0 



EXTENSION_DATA mpeg 

This Token informs the Video Oemux that the DATA Token that 
follows contains extension data. See A. 1 1 .3. 'Conversion of scan 
codes to Tokens', „ d A _ 14 6 - Receivina User and 

Extension data*. 



O!O|o|l|lj0|0j0 



r f 



FIELDJNFO 

Carries information about the picture following ;o aid its display. 
This function is not signalled by any existing coding standard. 

t - if the picture is an interlaced frame this D.t mcicates if the upper 
field is first (t«0) or second. 

p - if pictures are fields this indicates if the next p.crure is upper 
(p«0) or lower in the frame. 

f - a 3 bit number indicating position of the field ;n the 6 field PAL 
sequence. 



0 | 0 



Oj 1 



FLUSH 



Used to indicate the end of tne current coded data and to pusn the 
end of the data stream through the decoder. 



OiO 0 



i i o J o 



0! i 



GROUP.START 

Generated wnen me group of picrures star, code is founa wren 
decoding MPEG or the frame marker is found wnen decoding 
JPEG. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet * cf 
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n ! h. n 



n ; n i n . ft i ft 



1 1 1 I 1 I 1 j 1 j 0 j 0 M | Q I H0RI20NTAL.SIZE 

.1.1 i ' 



* - a 13 bit numoer t n,eger .nq.caong me honzomai w, C ;n 0 , ,, e 
picture in macrcbiocks. 



h h h 



n J h j h j h i h 



h - 16 bit number integer indicating me horizontal width of 




0 j 0 j 0 



1 ! t | 0 I 0 I 1 



ln/orms the inverse quantiser which quantisation table to use on 
the specified colour component 

c • 2 bit component 10 (see A.3.5. 1 
t - 2 bit integer table number. 



MAX.COMPJD 



mi m 



MM 0 ; 1 1 0 j 1 1 c 



> t 



1 1 1 
i 



<J| n 



m - 2 bit integer indicating the maximum value of componen, .0 
(see A.3.5. 1 , ma| ^ use{j . n me next a(crufe _ 



MPEG_DCH_ TABLE 

Configures wmch DC coefficient Huffman table should be uses for 
colour component cc. 

c - 2 bit component 10 (see A.3.5. 1 
t • 2 bit integer table number. 



MPEG_TABLE_SELECT 

inform me inverse quantiser wnetner to use *. default or user 
defined quantisation tafile for ,ntra or non-.n.ra -nformauon. 
n ■ 0 indicates intra information, i non-intra. 
d-0 indicates default table. 1 user defined. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (sheet S of 9 ) 
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vl V j V 

I 

I 

i 



MVD_8ACKWAR0S 

Carries one component (either verjcal or horizontal) of the 
backwarcs motion vector. 

d • 0 indicates x component, 1 the y comccnent 

v • 12 bit two's complement number. The LSB proves hair -ixel 

resolution. 



MVD_FOR WARDS 



C^TTios one component (either vertical or horizontal) of De 
forwards motion vector. 

d ■ 0 indicates x component, 1 the y component 

v - 12 bit two's complement number. The LS3 provides haJf -ixei 

resolution. 



0 f 0 



1 ij ' ' 1 [ 1 j 1 | 0 | 0 | 0 



NULL 
Does nothing. 



' P 



0; C| 0 



PEL.ASPECT 

p - a 4 bit integer as defined by MPEG. 



P!CTURE_END 



Inserted by the sun code detector to indicate the ere* ot the 
picture. 



current . 



1 1 1 i 1 1 1 o o o o 



0 r 



P P P P 



PICTURE.RATE 

P * a 4 bit integer as defined by MPEG. 



0j0|01 o|o 10 



r ! r 

i 



PICTURE_START 

Indicates the start of a new picture. 

n • a 4 bit picture index allocated to the picture by tne s;an code 
detector. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 6 of 9) 



E 


7 


6^5 j«* 3 2 j 1 j 0 


Description 


1 


1 1 M 1 1 o j i j 1 1 i i i 


PICTUREJTYPE mpsg 

0 • a 2 bit integer indicating the otc:ure coding type oi me picture 
that follows: 

0 - Intra 

1 • Predicted 

2 - Bidirectionally Predicted 

3 - DC Intra 


0 


f ; 

i 
i 

! 


• 
1 

1 

1 
1 

i 

t 


r i 

! 

i 
i 
i 


t 


, i 
r 


r 1 

J 


p 1 

i 

1 


p 


1 


1 j 1 j 1 j 0 1 | 1 j t | 1 


PICTURE.TYPE H.261 

indicates various H.261 options are on (1) or off (0). These options 
are always off for MPEG and JPEG: 1 
s • Split Screen Indicator 
d * Document Camera 
f - Freeze Picture Release 

Source picture format: 
q = 0 - QCIF 
q ■ 1 . ClP 


1 


r j r j r | r r r | 0 j 1 


0 


r 


r 

1 


s 


d 


f 


q 


1 


1 


0 


0 


! 1 
i 

1 

i 

i 

i 
i 

i 

1 

1 

i 

i 
i 

! 

i 

| 


0 


h 


y 


X 


. b 
i 


1 


PREDICTION.MODE 

A set of flag bits that indicate the prediction mode for me 

macroblocks that follow: 

f - forward prediction 

0 - backward prediction 

x - reset forward vector predictor 

y * reset backward vector predictor 

h - enable H.261 looo fitter 


0 


i o 


; o! i 
. i 

: i 
1 

i i 

i 1 


s 

1 
1 

! 


s 


s 

1 


i 

s 


s 


OUANT_SCALE 

Informs tne inverse quantiser of a new scale factor 

s - 5 bit integer m range 1 ... 31. The value 0 is reserved. 



Table A.3.2 Tokens implemented 
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*0 



E||7: 6 1 5 | 4 | 3 | 2 



1 0 



Oescnotion 



1 || 0 I 0 | 0 j 0 j 1 j r | t| t 



1 I 1' Qi q: Qi q qi 0 : q 



Q : q 

I 
» 



0 I 0 0 1 0 1 0 0 



0 0 0 1 



0 0 0 



QUANT_TABLE 

Loads ens soecified inverse Quantiser :aote witn 64 3 bit -j-s:grec i 
integers. The values are in zig-zag orcer. 

i 

t - 2 bit integer specifying me inverse cuar:;ser '.air's :: ;« 'sa^e^. 



SEQU5NCE.END 

I 

i 

The MPEG sequence_end_code and the JPEG EO rr.ar*er caus* 1 

I 

this Token to be generated. i 



SEOUENCE.START 

Generated by the MPEG sequence_s;art stan code. 



ojo 0 j 1 i 0 0 ; 1 ; 1 



1 



s s s s 



SLICE.START 

Corresponds to the MPEG siice.start. the H.251 GC3 ar-2 the 
JPEG resync intervaJ. The interpretation of 8 bit integer "s* ii"e.'S 
between coding standards: 

MPEG • S:<ce Vertical Position - 1. 
H.261 - Group of Slocks Number - 1. 

JPEG - resychronisation interval identification (4 LS5s only). 



1 I 1 



1 0 0 tit 



1 i 1 



itiji|o|ojiio|d 



rjrjr|h|hjhjhih 



r i r j ml mj m: m! m: m 



|rjs|sjs|sjsjs 



i i 



p p 



p p p 



! 



TEMPORAL.REFERENCE 

t - carries the temporal reference. For MPEG this is a 10 bit integer. 
For H^Sl only the 5 LSBs are used, the MS3s will always be zero, j 



TIME.CODE 

The MPEG time.code: 

d • Orop frame flag 

h - 5 Jbit integer specifying hours 

m - 6 bit integer specifying minutes 

s - 6 bit integer specifying seconds 

p - 6 bit integer specifying pictures 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 8 of 
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Oescnrticn 



Oi 
I 



j =!| 7 : 5 : 5 4 . 3 : 2 : I 0 j 

i 

; 1 ^1 0 0 : 0 ■ 1 : T • 0 ' ' 'j USER_OATA JPEG 

Th.s Token m/orrrj vie Video Derrx-x - at :rs DATA ~-K* n 

follows cor.iams user data. See A. ; i .3. 'Zzr.v* r S:C - -.^ a$ 

to Tokens'. anc , A . s 4 . 6 . -S ece!VIRg IJser ^ 

extension cata". 



i ! 



! 



During ccera&en the 3 -it field ^ carres s.i s -?E3 .Taro- 

. I value. This allows :ne Cass 0/ user da;a {3 =- :der; ( :;ec. 



! 0! 0 0 



1 • 1:0; 1 . 1 



USER.DATA MPEG 

This Token informs tne video Demux mat :.-.e DATA Token 
follows contains user data. See A. 11.3. -Conversion of scar z: 
to Tokens'. and A. i 4.5. -Rece'v.rg U'ser arc 

Extension data*. 



a; 



HI 1 1 ! 1 1 0 1 1 



1 0 1 1 



: Mi' 



r i r 



i 0 



s s 



s ! s i s ! s 
Hi ' = ' I « ! o| 1 1 1 f 1 ; 0 



VBV_BUFFER_SI2E 

s • a 10 &n ir.reger as Cefined by MPEG. 





5 I 


«» 1 






0 


b • o 




&i 


6 1 


b 


b 


b 


b 1 b 







VBV.DELAY 

b - a 16 tit integer as defined by -MP5G. 



! 1 i 1 1 ! 1 f 1 I 1 I 1 ; 0 1 l 



! 'I 



Mrjvjvjvlv'v 



I 0 



V I V ■ v V 



V » V ( V 

i ' 



VERTICAL_MBS 

v - a 13 brt integer indicating me vertical size of :ne rxrure n 
macro blocks. 



1 : 1 ; 1 I 0 ! 0 : 1 , 1 



! 0 



V ■ vi V 



v 1 V j 



V i V : V 



V V : V V 1 V 



VERTICAL.SJ2E 

v - a 1 6 bit integer indicating :ne vertical size of :ne sic.-jrs r r:x- 
This can be any integer vaJue. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 9 of 9) 
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A* 3 • 5 Vuab«rs signalled in Tokens 

A. 3.5.1 Component Identification number 

In accordance with the present invention, the Component 
ID number is a 2 bit integer specifying a color component. 
This 2 bit field is typically located as part of the Header 
in the DATA Token. With MPEG and H.261 the relationship is 
set forth in Table A. 3. 3. 



Component ID 


- MPEG Of H.261 colour component j 


0 


Luminance (Y) 


1 


Blue difference signal (Cb/ U) 


2 


Red difference signal (Cr / V) 


3 


Never used 



Table A. 3. 3 Component ID for MPEG and H.2 61 
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With JPEG the situation is more complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
specification of color components arrive at the decoder. 
X. 3.5.2 Horisontal and Vertical sampling numbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.2 61) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3. 4. 



Component ID 


Horizontal 
sampting 
number 


Width in blocks 


Vertical 
sampting 
number 


Height in blocks 


0 


1 


2 


1 2 


1 


0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not used 


Not used 


Not used 


Not used 



Table A. 3. 4 Sampling numbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A. 3. 5.1. Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A. 3.5. 





Horizontal 




Verucal 




Ccrrccr.ent 10 


sampling 


Widii in blocks 


sampling 


Heigr-.t :n blocks 




number 




number 




t 




° 


1 


I U 






o 


j 


V 


o 


1 




i 



Table A. 3. 5 Sampling numbers for 4:2:2 JPEG 
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A.3.6 ««p«cial Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANT_TABLE Token are used in their 
"extended form" within the decoder chip-set. In the 
extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. in 
the case of QUANT_TABLE tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



to 



fU 



Token Name 


MPEG 


JPEG 


H2$\ 


j BIT_RATE 






BROKE N_CLOSED 








COD(NG_STANDARD 


/ 


/ 


/ 


C0MPONENT__NAME 


/ 




CONSTRAINED 


s 




DATA 


s 


/ 


/ 


DEFINE__MAX_SAMPLING 




/ 


/ 


DEFINE_SAMPLING 




/ 


S 


DHT.MARKER 




DNL_MARKER 




DQT_M ARKER 


' i 


DRI_MARKER 




i 



15 



Table A. 3. 6 tokens for different standards 
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<^ ^ Token Name 


MPEG 


JPEG 


H.25t 


EXTENSION.OATA 


/ 


/ 


FIELDJNFO 








j FLUSH 


s 


s 


' ! 


GROUP_START 


✓ - 


1 ' 




HORIZONTAL_MBS 




1 - 




HORIZONTAL_SIZE 


✓ 




' i 


JPEG_TABLE_SELECT 


/ i 


MAX_COMP_ID 








MPEG_DCH_TABLE 


✓ 




MPEG_TABLE_SEL£CT 


/ 




MVD_BACKWARDS 


/ 


MVD_FORWARDS 


s 


1 - 


NULL 








PEL_ASPECT 


! 


PtCTURE_END 


✓ 


' \ 


/ 


PICTURE_RATE 


/ 


\ 


PICTURE_START 


/ 


' 1 


/ 


j PICTURE.TYPE 


/ 


/ i 

i 


/ 


i PREDICTION_MODE 


/ 


1 


\ 


j QUANT_SCALE 


s 


i ' ! 


QUANT.TABLE 


/ 


✓ 1 1 


j SEQUENCE_END 


/ 




SEQUENCE_START 


/ 




S 


SLICE_START 


/ 


- \ 


/ 


TEMPORAL.REFERENCE 


s 


! ' ! 


TIME.CODE 


- ! i 1 


USER.DATA 


s 


i 


VBV.BUFFER.S12E 




! j 


! VBV_DEUVY 


' i ! 


: VERTICAL.MBS 




/ ! 


/ 


VERTICAL.SIZE 




/ 


' ! 



Tabte A.3.6 Tokens for different standards (contd) 
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A. 3. 7 Use of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3 . 6 « 
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SECTION A.4 The two wire interface 

A .4.1 Two-wire interface* and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
Data is only transferred between blocks when both the 
sender and receiver are observed to be ready when the clock 
rises. 

1) Data transfer 

2) Receiver not ready 

3) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 
output until it is accepted by the receiver. 

When Token information is transferred between blocks- the 
two-wire interface between the blocks is referred to as a 
Token Port . 
A. 4. 2 Where used 

The decoder chip-set, in accordance with the present 
invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4. 3 Bus signals 

The width of the data word transferred by the two-wire 
interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT) , but only 9 bits 
are output. 



Table Two wire interface w . dth 

. accept 
. extension 
A. 4,3.1 The extension signal 

A. 4. 4 Design considerations 

oZ h : *::t. chips shouid be pu ~ d «» ^ 

be ;„ ch " C ° I 1 " 1 " 1 " "» l «"«> <* the PCB tracks 

k.oTh Y Possibie, track lengths should be 

Kept belov 25 mm. The PCB tr a ,t "=uia oe 

" a oinimun,. " Ca P acita "« -hould be kept 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips" J 
5 All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A. 4. 5 Interface timing 



Num. 

! 


Characteristic 


30 MHZ 


Unit 


i 

Note* 


Min. 


Max. 




! i 


inout signal set-up time 


S 




ns 




2 


input signal hold time 


0 




ns 




3 


Output signaJ drive ome 




23 


ns 




4 


Output signaJ hold 3me 


2 




ns 





if Table A. 4. 2 Two wire interface timing 

a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 p F 



1 Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock* This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10. 5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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A.4. 6 ^signal levels 

The two-wire interface uses CMOS inputs anri . 
<' IHm , n is approx. 70% of v an . . inPUtS 3nd out P^ 

Th. va.es snown in ^ ™ " ^ ■ 30% of 

th.ir respective worst case v 7 ^ 

ase \, 0;) . V. Jll= : 3 . 0±0 .25V. 




Table A. 4. 3 DC electrir.i v 

electrical characteristics 



a- l„ H <lmA 

b - l (lH <4mA 

<= ■ l,,;<l.-nA 

d - l,,j<-4niA 
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A. 4 . 7 ^Cgntrol clock 

In general, the clock controlling the transfers across 
the two w lre interface is the chip's decoder_clock . The 
exception is the coded data port input to the Spatial 
Decoder. This is controlled by coded_clock. The clock 
signals are further described herein. 



in 
01 



10 
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SECTJGN A .5 DRAM Interface 
»- s -l The drak interface 

is^e^ 0- interface 

the DRAM interface ^ ChipS ' In W.ral. 

handle channel priorities 1 ^ in h ° W ^hey 

-ir.c tly driV e : he ° D r ^ e sed T ; :::: r :r: h is d designed to 

Typically, no external , ■ decoder chips. 

necessary to con^cTL^ ^ " ~" tS ^ 
most systems. interface to the DRAMs in 

A. 5. 2 Interface signals 



Signal Name 


Input/ 
Outout 


Description 


ORAM_data[3l:0) 


I/O 


The 32 b.c w, de ORAM Cata Cu s. O p ( , 0 ra.; y ,h, s 3t4 ; 

can 5e configured to ie 1 6 or 3 *,i s w, Cs . See J 

1 

section a.5. 8 j 




The ORAM Out 0u t Snaole signal 
Th.s moot signal, when l0 w. makes a.l (he output 
s.gnais on the interlace go hign impecarce. 
Note: on<ni 0 Cata processing * „ 0 , s:ac5€d ^ 
the ORAM interface is high impedance. So. errors 
will occur ,1 the chip attempts to access ORAM wr= : . ' 
0RAM_«nabi# is low. 



Table A.S.I DRAM interface signals 
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In accordance with the present invention, the inter, 
is configurable in two ways: interface 
•The detail timing of the interface can be 
configured to accommodate a variety of 
5 different DRAM types 

•The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A. 5.3 configuring the dram interface 

Generally, there are three groups of registers 
associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 

15 be 0n conf rati °: r 915 ^ 5 (regi — in Table A.5.4) should 
i-o be configured last. 

A. 5. 3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with th- 
present mvention. starts operation with a set of default 
tl.ino parameters (that correspond to the slowest .ode of 
operat.cn,. mitially. the DRAW interface win continually 
execute refresh cycles (excluding all other transfers,. 
This will continue until a value is written into 
refresh_interval. The DRAM interface win then be able to 
perfo™ other types of transfer between refresh cycles 
2d A. 5. 3. 2 Bus configuration 

Bus configuration (registers in Table A. 5. 3, should only 
be done when no data transfers are being attempted by the 
interface. Tne interface is placed in this condition 
immediately after reset, and before a value is written into 
30 refresh_interval. The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. See the Temporal Decoder chip_access register 
(A. 13. 3.1, and the Spatial Decoder buf f er_manager access 
register (A. 13 . l . l) . 
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A. 5 . 3 



^ interface timing configuration 

« zr^z w z the p ? sent invention ' — — 

controlled J * lmn9 = onf ^-«-n information are 
Titln, to t h is lnt «'"--"-^--cc... renter. 

: n c T h , rr; : 0 n r r incerfa - — 

. aoxe a. 5. 2) to be modified. While 

x. r: "„ u ;uTc 1 .Tr lon d r ter - rmng 

interface timino , " ad b * Ck from th « 

A.S.3., Refresh conf igur.tion 

The refresh interval of the DRAM interface of the 

othe dat a transfers. Da ta triers 1^ :™ ^ 
value ls written to ref resh_interval 

-p.u".. l "=r 1 ^r 1 i . n o th " ar ;- drams Kypi ^ • 

::::: r-:^:;:;— r st 

value to refresh interval. Satisf -* b.for. wrxting a 

A ' AlV th R n? ^ C ° nfi '— ion registers 

All the DRAM interface registers of the present 
invention can be read at any time. 
A- 5. 4 interface timing (ticks) 
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The*© RAM interface timing is derived from a Clock which 
is running at four times the input Clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 



PLL 



For brevity, periods of this high speed clock are 
referred to as ticks. 
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m 



ru 




Th.s .'unction er.aae reg-.s:er a;icw S access ;d 
ihe ORAM interface timmg ccrf.g-.-a-cn 
registers. The configuration registers shcu:d -ct 
ie modified while (Ms register -oics tre va:ue 
0. Writing a one to th.s register r ecu-sis access 
to modify the configuration regisiers. After a 0 
has been wntten to this register re CP. am 
interface will start to use the new vaxes :n the 



oaoe start ipnnth 


5 


0 


Specifies the length or the access scan .n :xjcs. 




Clt 




The minimum value that can be used :s - 








(meaning 4 ticks). 0 selects the maximum 




rw 




length of 32 ticks. 


j transfer_cycie_length 


4 


0 


Specifies the length of Lie fast sage read or 




bit 




write cycle in ticks. The minimum value that can 








be used is 4 (meaning 4 ticks). 0 selects the 




rw 




maximum length of * 5 ticfcs. 


refresn^cyclejength 


4 


0 


Specifies the length of the r^iresn cyc:e in t;cks. 




bit 




The minimum value that can 5e used is 4 








(meaning 4 neks). 0 selects the maximum 




rw 




length of 16 ticks. 


RASJailing 


4 


0 


Specifies the numcer of ucKs after re start cf 


i 


bit 




the access start that FU5 fails. The minimum 








value that can oe used is 4 (meaning 4 ::c<si. 0 




rw 




selects Tie maximum tength of '5 :cks. 


CASJalling 


4 


3 1 
1 


Soecifies the numoer of ticks after tne start cf a 




an 


| 


read cycle, write cycle or access start that CAS 


i 




i 


falls. The minimum value that can r*e used :s t 




rw 




(meaning t tick). 0 selects the maximum ^ergr. 








of 16 ticks. 



Table A.5.2 Interface timing configuration registers 
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5 

M 5 



















Register nan« 


Q 




Oescnotion 




CO 


o 


i 






(T 




DRAM_aata_width 


c 


U 


Soec;fies (he numoer of bits used on Tie ORAM ; 


l 


bit 




interface data bus ORAM_data(3i:0J. See j 








i 

A.5.8 : 

1 




rw 




1 

— ■ i 


row_address_bits 


2 


0 


^ww.i»w uie numoer or DitS used lor Tie row I 




bit 




address portion of the ORAM interface access • 












rw 




I 

i 


ORAM_enaoie 


1 


1 


Writing the value 0 in to mis register forces ;.-e j 




bit 




ORAM interface into a high impedance sate 

I 








0 will be read from this register if either ;ie ! 




PiV 




ORAM.enable signal is low or 0 has been ' 














written to the register. j 


CAS.strength 


3 


6 


These three bit registers configure the output 


RAS^strength 


bit 




drive strength of ORAM interface signais. j 
This aJlows the interface to be configured for J 


addr_strengtn 






ORAM_data_strengtn 


rw 




1 


OEWE.strength 




various different loads. ! 








See A.5.13 | 



e A. 5. 3 Interface bus configuration registers 



10 
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A. 5. 6 -Interface operation 



The DRAW interface uses fast page mode. Three different 
types of access are supported: 



ipported: 

. Read 
.Write 
.Refresh 
Each 



read or write access transfers a burst of 1 to 64 
bytes to a single DRAM page address. Read and write 
transfers are not mixed within a single access and each 
successive access is treated as a random access to a new 
DRAM page. 



01 



u 



Register name 


o 


o 

© 
C 


Description 


refresh ^interval 


3 


0 


This vaJue specifies the interval between f 




bit 




refresh cycles in periods of 1 6 deccder.c.'ock ■ 








cycles. Values in the range 1 ..255 can Se j 




rw 




1 

configured. The value 0 is automaccaKy loacec \ 








after reset and forces the CRAW interface ; 3 ! 








continuously execute refresh cycles until a va: :G j 








refresn interval is configured. It is j 








recommended that refresh .interval snsuid ce j 








configured onty 0 nc e after each reset. j 


no.refresh 


1 


0 


Writing the value 1 to this register prevents 




bit 




execution of any refresh cycles. ! 

i 




rw 




i 

I 



Table A. 5. 4 Refresh configuration regist 



ers 
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A.5.7«A*cess structure 

Each access is composed of two parts- 
.Access start 
•Data transfer 

. inVSnti °"' — h <«— —in- -ith .„ 
cycles n add " U °" ed ^ ° r 

„ ' " add "-"- there i- a read, write and refresh 

" ° f -n- the data t ,a ns ,er 



Upon completion of the last data transfer for a 

is read ■ 0 3 e ; ~ ^ 3 ««« 

y o oegm. if a new access - s ready fcQ 



• # 
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10 



begin when the last access has finished, then the new 
access will begin immediately. 
A. 5. 7.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
conditions. m accordance with the present invention 
there are three different access starts: 

.Start of read 

■Start of write 

•Start of refresh 



m 



ru 



sj 


| Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes \ 


; s 


5 


RAS precnarge period set ay register 


4 


16 


OCK 


i 


Mj 




RASjalling 








i 
i 

i 




6 


Access stan duration set by register 


4 


32 






i s 




page.startjength 








i 


1 




CAS precfia/ge length set by register 
CASJalllng. 


1 


16 




\ 




8 


Past page read or wnte cycle length set Dy 
the register transtfer^cycle Jengtft. 


4 


16 




i 




9 


Refresn cycie length set by the register 
refresh_cycfe. 


4 


16 




• 

1 

i 



Table A. 5. 5 ORAM Interface timing parameters 

This value must be less than RAS_falling to ensure 
tAS before RAS refresh occurs. 
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In each case, the timing of RAS and the row address is 
controlled by the registers RAS_falling and 

page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until **RAS 
falls ♦ The three different access start types only vary in 
how they drive OE and DRAM_data [31 : 0] when RAS falls. See 
Figure 43. 

A« 5 • 7 • 2 Data transfer 

In the present invention, there are different types of 
data transfer cycles: 
. Fast page read cycle 
• Fast page late write cycle 
•Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle, A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first write transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A. 5. 7. 3 Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 

RAS, CAS and WE high 

*data and OE remain in their previous state 
.addr remains stable 
A. 5 • 8 Data bus width 
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-"ows the ORAM co t *"". P " h to «»»"9ur.d. This 
— U Picture fo rm « s """i"- «*« working „i Cn 



10 




8 b.t widt data bu> 00 OHA M.dauQ 1; 24 |0 
16 bit wi d » data bus on DBAM.d.a(3 1:l 6 ^l. 
32 bil wid, data bus on ORAM_danmn, 



Table a. s. 6 Configuring DRAM_data_width 

a. Default after reset. 

b. Unused si g na ls are held ni,„ i npedanea . 

A. 5. 9 row address width 

The number of bite = 
«c tion o f t he ,« lit ^ ^1 £ 

the row address is e0 nF< . ln order to Provide 

uaress is configured by the register 
row address bits 9iSter ' 
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A.S. lO-AAdress bits 

On-chip, a 24 bit address is generated. „ow this 
address is used to form the row and colu mn addresses 

::r data bus and the ~ - 

„.,-„!, ., »*3res a . Some configurations do not 

aU the inC ""^ ««r.« bits to be used and. 
therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
Portion of the address. According, this maximiees the 
rate at which the DRAM is naturally refreshed. 



hi 




e A. 5.8 Mapping betwatn internal and external addresses 
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A. 5.1*^ Low order colujan addres3 . bits 

The least significant 4 to 6 bits of t-ho 

^ KS of the column address 

a e used to provide addresses for fast trans/e/s 

of up to 04 bytes. The number of address bits rm T' ' * 
control ese transfers ^ - 

data bus (see A. 5.8) . 

A ' Where T^"" ^ »°" DRA « 

Where only a single bank of DRAM is used, the width of 

the row address used will depend on the type of DRAM used. 
Applications that require .ore memory than can be typically 
proved by a single DRAM ban,, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank. 

NOTE : The row address is «^ ra ^^ * 
1( - «. u . ls extracted from the middle of 

the internal address. !f some bits of the row address are 
cecoded to select banks of DRAM, then ail possible values 
or these ■•ban, seleot bits" must select a bank of DRAM 
Otherwise, holes will be left in the address space 
A.s.n DRAM Interface enable 

in the present invention, there are two ways to make all 
the output s lg nals on the DRAM interface become high 
inpedance. i.e.. by setting the DRAM_enable register and 
the DRAM-enable sxgnal. Both the register and the signal 
-u« be at a logic l in order for the drivers on the DRAM 
interface to operate. I, either is low then the interface 
taKen to high impedance. 

Note: on-chip data processing i» not terminated when 
the DRAM interface is .=*t- hir*K 

errace is at high impedance. Therefore, errors 

111 ° CCUr lf thS Chi P ^tempts to access DRAM while the 
interface is at high impedance. 

in accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 
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Spatia* decoder (or the Temporal Decoder) is not in use 
It is not intended to allow other devices to share the ' 
memory during normal operation. 
A. 5. 12 Refresh 

Unless disabled by writing to the register, no refresh 
the DRAM interface will automatically refresh the" DRAM ' 
using aT^ before TO refresn cycle gt an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of i 6 decoder_clock 
cycles. values in the range 1.255 can be configured. The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled, until a valid refresh interval is configured. it 
is recommended that ref resh_interval should be configured 
only once after each reset. 

While TWseZ is asserted, the DRAM interface is unable to 
refresh the DRAM . However, the reset time required by the 
decoder chips is sufficiently short, so that it should be 
possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5. 13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers 
CAS_strength, RAS_strength , addr_strength , 

DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances. 

The default strength .after reset is 6 and this 
configures the outputs to take approximately 10ns to drive 
a signal between GND and V 0o if loaded with 24 p 
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s^engm value 


| Drive characteristics 


0 


| Appro*. 4 ns/V into 6 pf load "j 


1 j Appro*. 4 ns/V into 12 pf load j 


2 


Appro*. 4 ns/V into 24 pf load | 


3 


| Appro*. 4 ns/V into 4fl pf load 


4 


Appro*. 2 ns/V into 6 pf load 


5 


Appro*. 2 ns/V into 12 pf load 


6* 


Appro*. 2 ns/V into 24 pf load 


7 


Appro*. 2 ns/V into 45 pf load j 



10 



Table A. 5. 9 output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 

characteristics specified in Tables A. 5. 13 to A. 5. 16. When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5.14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Symbol 


Parameter 


| Min. 


| Max. 


| Un.is 




Supply vottage relative to GNO 


1-o.s 


1" 


1 v 




Inout voltage on any pin 


GNO -0.5 


V 00 ^ 0.5 


1 


T. 1 


Operaang temperarure 


-40 


+85 


I *C ! 


: t s f 


Storage temperature 


•55 


| - 1 50 


1 *C : 

1 ; 



Table A. 5. io Maximum Ratings' 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
be used to ensure reliability of operation. 



ru 

s s 



j Symbol 


Parameter 


Min. 


Max. 


Units 




Supply voltage reiatrve to GNO 


4.75 


5.25 


i 

V j 


GNO 


Ground 


0 i 


1 


V 




input logic T voltage | 


2.0 


V 00 - 0.5 j 


i 

v 


V -U 


Inout logic "0' voltage 


GNO • 0.5 | 


0.8 | 


v 1 


T A 


Operating temperature 


1 


70 | 


1 

•c 4 | 



Table A. 5. ll DC Operating conditions 

a. With TBA linear ft/min transverse airflow 
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Table oc EleetriM1 ch « raeteristic3 

AC parameters are specified using v ol „„ . 0 .. v 

as tne measurement level. 
This is the steady state drive capabiiity of 
the interface. 

Transient currents may be much greater. 
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A.S.i<=ti-ac characteristics 



Num. 


Parameter 


Win. 




Unit 


Note 4 ■ 


10 Cycle Ome i - i ; . " 




Table a. 5. 13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 
configured appropriately for its load. 



H 1 

P= 5 



j Num. 


1 Paf *™*' | Min. j Max. 1 Un„ | ^ . , 

StiQom tostro&e aeiay I - ^ 
■ " 3 ° « i 


i 16 
i 


Low hotd time 


-13 > 3 


; 


17 


Strobe to strode precnarge e.g. tCRP. 
IflCS. tflCH, tRRH. tflPC 


•9 


+ 3 


ns 


1 
1 

i 


CAS precnarge poise between any two 
CAS siqnzis on wide ORAM* e.g. tCP. or 
between rising and falling e.g. 
tRPC 


•5 


+2 


OS 


i 

i 
i 

i 


I 8 | Precharge before disable 


■12 | -3 | «, | J 



Table A. 5. 14 Differences from nominal 
values between two strobes 

a- The driver strength of the two signals must be 
configured appropriately for their loads. 
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Table a. s.is Differences from nominal 

between a bus and a strobe 

a- The driver strength of ^ ^ strQbe 

be configured appropriately for their loads. 



W=5 




Table a. 5. 16 Differences from nominal 
between a bus and a strobe 



When reading fr 



DRAM_da tar 31:0] as the "^3 



om DRAM, the DRAM interface samples 



signals rise. 



parameter 


parameter 


parameter i 


J name 


J numoer 


name 


| number 


name 


numoer ! 

• 


(PC 


10 


iRSH 


1 1 


I tRHCP 
tCPRH 


18 j 
1 


IRC 


11 


1 tCSH 
1 




tASR 


t 

J ,9 i 

i 


tRP 


12 


I IflWL 




tASC 


tCP 




1 tCWL 




IDS 


t 
i 
i 


iCPN 




tRAC 




(RAH 


20 ! 


j fP.AS 


13 


tOAC/tOE 




tCAH 


f 


tCAS 




tCHR 


i 


tOH 




ICAC 




ICRP 


17 


tAR 




IW? 




tRCS 




tAA j 


21 ; 


tRASP 




IRCH 




LRAL 


i 
i 


tRASC 




iRRH 




tRAO I 


22 1 


IACP/ICPA 


14 


tRPC 




I ! 


tRCD 


15 


tCP 






1 


tCSR 




tRPC 






i 



e A. 5.17 Cross-reference between "standard" 
parameter names and timing parameter numbers 
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SECTION. A.6 Microprocessor interface (MPl) 

A standard byte wide microprocessor interface (MPI) is 
used on all chips in tne video decQder However 
one of ordinary s.in in tne art wUl appreciate that 

The'MPX 00653 " int6rfaCeS ° f ° th - width, .ay also b e used. 
The MPI operates synchronously to various decoder chip 
clocks. * 

A. 6.1 MPI signals 



CP 

LJLJI 


Signal Name 


Input/ 
Output 


Description j 

1 




enaoie(1:0J 


inout 


. «o acnve ,ow c n,p enables. Sotn must 3e low to : 


ri ; 






enaole accesses via tne MP!. 




j rw 
1 


Input 


H:gh indicates tnat a device wisr.es ;o read values « 




! 




from tne video cnip. ! 








This signal snouid be staple wn.ie ;n e -up is 1 


1 






enabled. 




addr(n:0] 


Input 


ACcress specifies one of 2 ft locations in tne cnip s » 
memory map. j 

This signal snouid be stable wnile tne cr.ip is J 
enabled. ; 




data (7:0] 


Output 


8 b.t wide data I/O poa These p.ns are n.gn 
impedance if eitner enable signal is hi G h. | 


1 


irq 


Output 


An active low. open collector, .nterruct rscuest i 

1 

signaJ. | 
■ , 1 



Table A. 6.1 MPI interface signals 
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A. 6.2 ^mrj electrica 



1 specification* 




Table A. 6.2 Absolute Maximum Ratings - 




a . 



b. 



Table A . 6 . 3 DC Operating conditions 

AC input parameters are measured at a 1.4V 
measurement level . 

With TBA linear ft/min transverse airflow. 
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1 

| SyrrDOl 


Parameter 


Min. 


Max. j Units ; 


I v cl Outout logic '0* voltage 


| 0.4 | v 




Open collector output logic '0' 
voltage 




0.4 


1 


v ch Output logic T voltage 


2.4 | v j 


! o Output current 


±100 | ^' 


'doc 


Open collector outout current 


4 -0 8.0 | .TiA e | 


i 


Outout oft state leakage current 


: 20 j 




Input leakage current 


= 10 | j 


I 're R MS power supply current 




500 j rrA j 


/— 


Input capacitance 




^cut Outout / IO capacitance 


! 5 I =' ! 



Table A. 6.4 DC Electrical characteristics 

1<D^ ^Ooc mm- 

This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

When asserted the open collector Irq output 
pulls down with an impedance of 100n or less. 
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A-6.2/T -AC charac 



ter ist 



ICS 




The ch MlCr ° PrOCeSSOr "ad timing 

The choxce, in this example, of enaBT.ro, 
to start the cycle and enaBTeUj to end it 

13 arbit "^- These signal are of equal 
status. H 



n 



The acc 

or a maximum 
on each of the data [7.0]. 

Larger loads may increa eo 

«y increase the access time. 



:cess time is specified f 
load of 50 F 
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Num. 
33 


" 

Characteristic 


Min. 


Max. ] 


Unit 


Notes 


" i 


wrue caara set-uo time j 
Writ« data hold ome f 


15 

° I 


i 
> 

i 

1 


ns j 







Table A. 6. 6 Microprocessor i„f„, 

TK . . lessor interface write timing 

The choice, in this example, of enaETe[0] 
to start the cycle and e^-^ to end 

it xs arbitrary. These signal are of equal 

status. 
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A. 6. 3 ^Imterrupts 

in accordance with the present invention, "event" is the 
tern, used to describe an on-chip condition that a user 
mignt want to oHca»-,,« » 

r to observe. An event can indicate an error or 

it can be informative to the user's software 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register. 
A. 6. 3.1 condition event register 

The condition event register is a one bit read/write 
register whose value is set to one by a condition occurring 
within the circuit. The register is set to one even if the 
u condition was merely transient and has now gone away. The 

register is then guaranteed to remain set to one until the 

user's software resets i t- r^r 

resets it (or the entire chip is reset) 

The register is set to zero by writing the 

value one 

■ Writing zero to the register leaves the register 

unaltered . 
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The register must be set to zero by user 
software 



O before another occurrence of this condition can 

= be observed. 
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The register will be reset to zero on reset. 
A. 6.3.2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register (s) 
xs(are) set. if the condition event is already set when 1 
is. written to the condition mask register, an interrupt 
request will be issued immediately. 
The value l enables interrupts. 
The register clears to zero on reset. 
Unless stated otherwise a block will stop operation 
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after aerating an interrupt request and will re-start 
operation after either the condition event or the condition 
mask register is cleared. 
A. 6. 3. 3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
g summarizes the event activity on the chip. The chip event 

S register presents the OR of all the on-chip events that 

gj lo have 1 in their mask bit. 

g A 1 in the chip mask bit allows the chip to generate 

| interrupts. A 0 in the chip mask bit prevents any on-chip 

u events from generating interrupt requests. 

Writing 1 to 0 to the chip event has no effect. it will 
only clear when all the events (enabled by a 1 in their 
mask bit) have been cleared. 
A. 6.3.5 The irq signal 

The irq signal is asserted if both the chip event bit 
and the chip event mask are set. 
25 The Irq signal is an active low, "open collector" output 

whichjrequires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of loon or 
less . 

I will be appreciated that pull-up resistor of 
approximately 4kn should.be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6.4,1 Stopping circuits to enable access 

In the present invention, most registers can only 
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~, i( .<.o if the block with -hich they «• associated is 
sfoPPed Therefore, groups of register, .ill normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
group of registers associated with that access register 
Thoutd not be .odifie. Writing 1 

^rjgiruser s^ft^ld wait < after ..ing 1 
to request access) until 1 is read from the access 

?1 If the user writes a value to a configuration 
register. If tne us« results 
register while its access register is set to 0, th 

are undefined. 

_ - * 2 o.qi.ter. holding integers 

X.6.4.2 R«gi» the meinory m ap 

The least significant bit of any oy 
is that associated with the signal data t 0] . 

Registers that hold integers values greater than 8 bits 
Registers tn conse cutive byte locations in 

are split over either 2 or 4 co endian » as shown 

™»o The byte ordering is "big enaian 

Trder in which bytes are written into .ulti-byte 

registers. return a 0 when read 

Unused bits in the memory map will return 

* v^*. in reqisters holding signed 
t5 except for unused bits in ^ signific ant bit of the 
integers. In this case, the most sign 

register will be sign extended. For example, a 12 bit 
■ a lister will be sign extended to fill * 16 bit 
signed register win * mem0 ry map 

m emory map location (two bytes) . A 16 ^ q 

30 location holding a 12 bit unsigned integer 
from its most significant bits. 
* « a 3 Keynoled address locations 

x'n the present invention, certain less ««^«Y 
accessed .Lory »p locations have been placed behind 
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i TtZ', " " keyh ° le " associated with 

u 7;;;:° r;r re9ister and a — 

extended add re s s S o ' l0 " ti0 " •" 

Keyhole Jtt rllll " " " Wl " ° Per " io " « th. 



keyhole a^r~ " y ^ re9lS " r ^ 

keyhole address register increments. Random access within 

«e extended address space is only possible by writing" 

new value to th*» 



A rh in i "^--wc i-^i eacn access, 

chip xn accordance with the present invention may 
have more than one "kevhoi-H.. y 
n one keyholed" memory map. There is no 

interact lon between the different keyholes. 
A.6.S Special registers 
A. 6. 5.1 unused registers 

Renters or bits described as "not used" are locations 

li th3t in «*• =-rent 

»pl.«„t.txo„ or the device. In g e„eral, the value 0 can 

r^r;: ::;:;r ati - — • - — - ™~ 

arrin 1 "^ • PPr ' Ci "« d b * »' ordinary skill in the 

art, ln order to maintain compatibility with future 
vanants of these products, it is recommended that the 
— s software should not depend upon values read from th 
unu sed lo cations. similarly, when configuring the device 

value 0 S Sh ° Uld Sither bS 3TOided « «« *•» 

A- 6. 5. 2 Reserved registers 

Similarly, registers or bits described as "reserved" in 
the present invention have un-documented effects on the 

eaVl ° r ° f dSViCe and shou ^ not be accessed. 

a. 6.5.3 Test registers 

Furthermore, registers or bits described as "test 
listers" control various aspects of the device's 
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testability. Therefore, these registers have no 
application in the normal use of the devices and need 
be accessed by normal device configuration and control 

software. 
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SECTION A.7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 

As data passes between different clock regimes within 
the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 30 MH,. However, one of 
ordinary skill in the art will appreciate that other 
frequencies, including those greater than 3 0MHz, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 
rate. Accordingly, this clock can be used to provide 
audio/video synchronization. 
A. 7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 



Signal Name 


Input / 
Oulout 


Description 


coded. clock 


input 


This c!ock controls cata irans.'er m to the cocea cata 
port of the Spatial Decoder. 

On-chip this clock controls tne processing of the 
coded data until it reaches tne coded data buffer. 


decoder^clock 

i 


Input 


The decoder ciock controls tne majority 0/ tr.e i 
processing functions cn tne Spatial Oecoder. 

The decoder clock also controls the transfer of data 
out of the Spatial Decoder thrcugn its oulout port. 
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Table A.7.1 Spatial Decoder clocks 



A. 7.! ««,.,,! Decoder clock aicn.l, 

The Temporal Decoder has only one clo= k input , 



SignaJ Name 


Input/ 
Output 


Description 


decoder_ctock 


Input 


decoder clock controls ail of the process;^ j 
'unctions on trie Temporal Decoder. j 

Trie decoder clock also controls :ra as.<er 0/ data «n :o ; 
the TemporaJ Oecoder trough its .nput port and out • 
via its output 00a. i 



Table A. 7.2 Temporal Decoder clocks 
7.3 Electrical specifications 



Table A. 7. 3 Input clock 



Num. 


Characteristic 

Clock period 


30 MHz 


Unit 
ns 


i 

Note | 

I 

I 


Min. 
33 


Max 


36 J Dock high penod 


13 


I 


I 


| 37 | Clock low period 


13 




ns 


I 



requirements 
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Table A . 7. 4 Clock input conditions 



A. 7. 3.1 CMOS levels 



The clock input signals are CMOS inputs 



approx. 70% of v. and v ,Hmm 15 

these i„ terf a=es JsuL chat \ h for 
«.bl. to within * 100 ps lnPUt =1 ° Ck tlni "' is 



SECTION A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
using a bed-of-nails approach. in an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture" . now adopted by the IEEE as 
standard 1149.1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device 
The test circuitry is transparent in normal operation, but 
xn test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out and checked 
by relatively simple test equipment. By this means, the 
inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
Port (TAP), which consists of five pins. The Irst (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 
device doesn't power-up in test mode. The tck (Test Clock) 
Pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 
bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
man-ufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
5 all device outputs may be made to float by a simple JTAG 
sequence. 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. 
10 A. 8.1 Connection of JTAG pins in non— JTAG systems 



Signal 


Direction 


Description 


trst 


fnpul 


This pin has an internal pull-up, but must oe taken 
low at power-up even if me JTAG fearures are not 
being used. This may be acnieved by ccrnecnng 
trst in common with the chip reset pm reset. 


tdi 


Input 


These pins have internal puii-uos. ar.a *r^y be let: 
disconnected if the JTAG circuitry is rot being used. 


tms 


tck 


Input 


This pin does not have a pull-up. and sncuid be tied 
to ground if the JTAG circuitry is not uses. 


tdo 


Output 


High impedance except during JTAG scan 1 
operations. II JTAG is not being used. r:is pm may 
be left disconnected. 



Table A. 8.1 Hov to connect JTAG inputs 



A.8.2^L*vel of Conformance 
A. 8. 2.1 Rules 

All rules are adhered to, 
be noted: 
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to IEEE 1149.1 

although the following should 



1 Rules 


Description j 


3.1.1(b) 


fne trst pin is provided. | 


3.5.1(b) 


Guaranteed tot ail public instructions (see IEEE lug.i | 
5-2.1(0). j 


5.2.1(c) 


- i 

t3uwanie«4 for aJI public instructions. For some private 

instructions, me TDO pin may be accve during any of the 

states Caorure-OR, Exitl-OR. Exit-2-OR & Pause-OR 


5.3.1(a) 


Power on-reset is acfiieved by use of the trst pin j 


6-2-He.O 


A code for the BYPASS instruction is loaded in me Test-Logc ~j 
Reset stale. | 




Un-aiJocatea instruction codes are equivalent :o 3YPASS. ; 


7.2.1(C) 


There is no devce 10 register. ; 



5 



Table A. 8. 2 JTAG Rules 



Mutes 


"j — 

1 Oescnction 


7.3.1(b) 


Smgle-sieo operation recuires external cental of r-e sysiem 
clock. 


7.3.1(...) 


There is no HUN3IST faciiry. 


7.11.1(...J 


There is no ICCCOE instruction. 


7.12.1 (...) 


| There is no USSRCOCe instruction. 


3.1.1(b) 


| There is no cevce identification register. 


3.2.1(c) 

t 


Guaranteed .'or all puciic !r.s;;uctions. The acrarer.t length cf 
the path from tdi to tdo may change under certain 
circumstances while onvate instruction codes are loaded. 


Q T 1 f H.i^ 
3. J. 1 


Guaranteed .'or all public irstrucDons. Oata may be loaded at 
times other than on the rising edge of tck wmle crrvate 
instructions codes are loaded. 




Ouring I NTS ST. the system clock pin must be ccnrciied 
externally. 


10.5.!{C) 


During INTS3T, output pins are controlled by data shifted m via j 
tdi. j 


Table A* 8 . 2 JTAG Rules 


•2.2 Recommenda 


tions 


Recommendation 


Oescnotion 


3.2.1(b) 


tck is a htgrvimoedance CMOS input, "j 


3.3.1(c) 


tms 4 h'Qh impedance pull-up. j 


3.6.1(d) 


(Applies to use of chip). j 


3.7.1(a) 


(Applies to use of chip). | 


6.1.1(e) 


The SAMPLS/PRSLOAO instructs code is Icadec curing ; 

t 

Capture-iR. j 


7.2.1(0 


The INTEST instruction ^ supported. j 


7.7.1(g) 


Zeros are loaoed at system output pins during SXTSST. j 


| "-7.2(h) 


All system outputs may be set hign-impedance. j 


j 7.3.1(0 


Zeros are loaded at system input pins durtng INTSST. 


| a.i.i(d.e) 


(Design-specific test cata registers are not cuoiicfy accessible 1 



Table A.8.3 Recommendations met 



Recommendation 


Description j 


10.4.1(0 


During EXTEST. the sign* driven into the on<hi P togc from ' 
the system clock pin is that supplied external* 



Table A. a. 4 Recommendati 
a. 2. 3 Permissions 



ons not implemented 



Permis^ons 




macove in the Tesi-Logtc-fleset 



state. 



Table A.8.S Permissions met 



15 



D 



25 
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SECTION A.9 Spatial Decoder 

• 30 MH, operation 
Decodes MPEG , JPEG & H.261 
Coded data rates to 25 Mb/s 

5 Video data rates to 21 MB/s 

• Flexible chroma sampling formats 
Full jpeg baseline decoding 
Glue-less DRAM interface 

• Single -^5V supply 
10 • 208 pin PQFP package 

Max. power dissipation 2 . 5W 

• independent coded data and decoder clocks 

• Uses standard page mode DRAM 
The Spatial Decoder is a configurable VLSI decoder chip 

for use in a variety of JPEG, MPEG and H.261 picture and 
video decoding applications. 

In a minimum configuration, with no off-chip DRAM the 
Spatial Decoder is a single chip, high speed JPEG decoder 
Adding DRAM allows the Spatial Decoder to decode JPEG 
encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video- 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG) 704X480, 30Hz, 4:2:0 MPEG video can be decoded 

Again, the above values are merely illustrative, by way 
of example and not necessarily by way of limitation, of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges may 
30 be vised. 



m 
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A -^.l^Spat^alDecoder Signals 



coc«cj_clock 
C3 =e<3.Cata(7:0J 



coced_enn 
■ coded_valid 




Signal Name 



decoder^ clock 



IAD 



Pin Numoer 



0« serration 



177 



"•"he mam oecooer clock. See secoon 
A.7 



reset 



160 



Reset 



Table A.9.1 Spatial Decoder signals (contd) 



Signal Name 


| I/O 


| Pin Num. 


Description 


tphOish 


1 


122 


If override . 1 men tphOish and tphlish are 


tphlish 


1 


123 


inputs for the on-chip two phase clock. 


ovemde 


1 


110 


For normal operation set override * 0. 
tphOish and tphlish are ignored (so connect 
to GNO or V 00 ). 


chip lest 


1 


111 


Set chiptest = 0 for normal operation. 


tloop 


1 


114 


Connect to GNO or V 00 duing normal 
operation. 


ram test 


1 


109 


If ram test = t test of the on-chip HA Ms is 
enaoled. 

Set ram test = 0 for normal ooeranon. 


pllselect 


l 


178 


If pllselect = 0 the on-cr:ip phase locked 
loops are disabled. 

Set pllsefect = 1 for normal operation. 


ti 


1 


180 


Two docks required oy Tie OP,AM interface 


tq 


1 


179 


during test operation. 

Connect to GNO or Vfj 0 dutng normal 
operation. 


Pdout 


O 


207 


These two pins are connections for an 


pdin 


1 


206 


external filter for the phase lock loop. 



Table A.9J2 Spatial Decoder Test signals 
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s aj; 
□ 






1.77 


1- 




125 


voo 




|nc 


:2: 




[ 176 


GNO 




124 


DRAM_cJataf71 


I" 


| ORAM dataf23J 


,20 


GNO 


|.75 


test cm 


1 


123 


nc 


I 7 ' 


jOflAM_cJa:a(29| 


|t9 • 


cocec.erm 


[ 174 


test pm 




122 


ORAM_dat»(B) 


|70 


I GNO 





Table A.9.3 Spatial Decoder Pin Assignments 



09 



test prn 



test pin 
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Signal Name 



Signal Name 



Signal Nam* 



1 


[ 1 / J 


C3t 


|l2t 


GNO 


69 


[CRA.vi_5ata(aCi 




i' 7 


| »■ «* W WW ^Ufil 1 j 


172 


tdo 


|120 




€3 


Jnc 








171 


nc 


119 


nc 


j S 7 


|cRAM_ca:a(3i| 




15 1 


i vnn 


170 


VDO 


118 


ORAM_data(i0| 


1 66 


jvoo 


1 


i 

14 i 


i coced_cata{3] 


j 159 


tms 


117 


voo 


55 


nc 


j 
1 


13 j 


cscec_ca ta(4| 


168 


tdi 


116 


nc 


|S4 




1 

t 


12 


»2cec_catajj| 


167 


tck 


115 


DRAM.data(ii| 


53 






" i 


co«i(K3_ia;a(2] 


166 


test pin 


114 


nc 


52 


nc 


1 


10 


GNO 


165 


GNO 


113 


DRAM_dau(12] 


61 


GNO 


t 

i 

1 


3 1 


jcoced.carajil 


164 


DRAM,enaW« 


112 


GNO 


60 


Ca5(0| 


Is I 




163 


test pin 


111 


0RAM_dau{13) j 


59 


nc 








162 


test pin 


110 


nc j 


53 




i 5 ; 




151 j 


test pin 


109 


OBAM_da.u(Uj J 


57 


VDO 


t !5 


i 
i 


■fcset 


160 


nc 


108 


vdo ; 


55 




1- 


1 

t 

i 


|V00 


159 j 


nc 


107 


*e jss 


nc 


h 






P.C 


158 


nc 


106 


h 


>4 jCA5i3) 


2 






nc 


1S7 


nc 


105 i 


j53 (nc h 





Table A.913 Spatial Decoder Pin Assignments (contd) 

A. 9 . 1 , i "nc" no connect pins 

The pins labeled nc in Table A. 9. 3 are not currently 
used these pins should be left unconnected. 
A. 9. 1.2 v ni , and GND pins 

As win be appreciated by one of ordinary skill in the 
art, all the V, m and GND pins provided should be connected 
to the appropriate power supply. Correct device operation 
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cannowb* ensured unless all the V 3n ri run 

= tne v ou ana GND pms an 

correctly used. 

A. 9. 1.3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
internal test use. 



1 

j Pm number 


Connection 


1 Connect to GNO tor normal ooeration j 


i Connect to V 00 tot normal o Deration i 


i 


Leave Open Circuit ,'or rr.crmai oeeraitcn ! 



Table A. 9. 4 Default test pin connect! 



ons 



A. 9. 1.4 JTAG pins for normal operation 

See section A. 8.1. 



spatial Decoder memory map 



Add/, (hex) 


Register Name 


See table 


0x00 ... 0x03 


Interrupt service a/ea 


A.9.6 




0xO4 ...0x07 


Input circuit registers 


A.9.7 




0x08 ... OxOF 


Start code detector registers 




0x10. ..0x15 


Buffer start-up control registers 


A.9.8 




0x16 ...0x17 


Not used 






0x18 ... 0x23 


ORAM interface configuration registers A .9 9 


0x24 ... 0x26 


Buffer manager access and keyhole registers a.9. 1 c 


| 0x27 


Not used | 


0x28 ... 0x2F 


Huffman decoder registers A 9 , 3 


0X30 ... 0x39 


Inverse quantiser registers | A 914 


0x3 A ... 0x3B 


Not used 




0X3C 


Reserved 




0x30 ... 0x3F 


Not used 




0x40 ... 0x7F 


Test registers j 





A.9.5 Overview of Spatial Decoder mem 



num. 



"egtster Name 
cni P,€vent CED^EVENT^O 



p a5« references 



not used 



m *93U«ngin_count_event 



reserved may read 1 or 0 
SC D-JP£G_OVERLAPPfNG_START 



overtapping^stan.event 



unrecogni*ed.$Urt.«v«nt 

_SCO_UNR£CQGM SED mm START 
stop_after_picture_event 
SCO_STOP_ AFTER _ PICTURE 



«ccept.enjbj«_ev«nt as.57H£4>w.gA /a gVgiVT " 
| target.m^t.event 65. r^GgT^gr gyg/yr 



counter.fiushed.too.«arty_«vent 



t 

0 



counter.riushed.event BS_FLUSH_EVENT 



p*rs«r_event OEM UX^ EVENT 
| huff mjn_« vent HUPFMAN^EVENT 

Table A.9.6 Interrupt service area registers 




1 i 


5 


J m *9 a, -l«ngin_count_mask 




4 


reserved wnte 0 io this location 
$ C 0_JP£G_0VERLAPP1NG_START 




3 


nonJpeo_c7«rta P pjn g _ s urt m« k 




2 


unrecognis«d_sUft_mask 




1 
0 


«top_aftef_p/cture.masi< 





23 1 



m 

■-n 





Ac«f. 


3rt 








(hex) 


num. 


Register Name 


Page references 


3-— 5 


0x03 


L' 


ItJct.tooJew^masi " — ; ■ 


t 




6 


idct_too_many_mask 




n * 

: a 




5 


aecept_enabf«_mask 








4 


Urget_m«t_mask 








3 


counter_flu*h«d_(oo_«jr1y_mask 








2 


count«rJlusf*ed_m«k T 






t 


pars«r_mask 








0 


ftuffman.mask 





e A.9.6 interrupt service area registers (coatd) 



232 





3rt 






(hex) 


num. 


Register Nvne 


Page re/erences 




j oxca 


7:1 


not used " 






0 


*tart_cod«_<fat*etor_acce« 








also lnput_circuit..«ccess 








C£D_SCO_ACCESS 




0x09 


7:4 


not used CED„SCD_COHTROL 






3 


»top_*ft«f_pictuf« 






2 


discard.erunsion.dau 






t 


dlscard_us«r_datt 






0 


lgnor«_non.aiigned | 


OxOA 


7:5 


not used CED_SCD_STATVS 






4 


insert.secuence.start | 




3 


discs rd_aM_data 




2:0 


siart,cod€_*e«rcft J 



Tabte A.9.7 Start code detector and input circuit registers 



Addr. 
(hex) 


Bit 
num. 


Register Name 


Page references 


Or08 


| 7:0 


Test register (ength.count 




OxOC 


7:0 






OxOO 


72 


not used 






1:0 


s ta rt_c ode_t*e tect o r_ cod in g_ standard 




OxQE 


7:0 


start .value 




OxOF 


7:4 


not used 






3:0 


plcture_number 




Table A. 9.7 


Start code detector and input circuft regis 


ters (contd) 


Acttr. 
(hex) 


3it 
num. 


Register Name 


Page references 


0x10 


7:1 


not used 






0 


surtup.access CED_BS_ACCESS 




0x11 


7:3 


not used 






2:0 


bit_count_pna*cafe CED_B$_PRESCALE 




0x12 


7:0 


bit.count. target CED_BS_TARGET 




0x13 


7:0 


bit_count CED_ S5_ COUNT 




C-14 


7:1 


not used 






0 


offchip.queue CED_8S_OUEUE 




0x15 


7:1 


not used 






0 


«aad<e_it/e*m CED_BS_ENA8L£_NXT_STM \ 


Tabte A.9.8 Buffer start-up registers 
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A ***** 

(hex) 


Sit 
num. 


Register Name 


Page re/erences 


0x18 


7:5 


not used 




4:0 


P*9«-«artJengtft 




0x19 


7:4 


not used 




3:0 


f€ad_eycle_l«ngtft 




0x1 A 


7:4 


not used 




| 3:0 





Table A.9.9 ORAM interface configuration registers 



Pi 
O 




Agister Name 



r«ffesh, cyc*e.tengm 
not used 



5:4 
3:1 



0 
7:6 



DRAM_addr_strengtn(2:0] 
CAS_*tr«ngtti(2:0J 



RAS_str«ngtfi[2] 
RAS_str«ngm(1:0J 



Page references 




OEVv E-«r«ngm(2:0J 



2:0 



0x22 



0R AM_data_strengtn(2;0] 



ACCESS bit for pad strength «(c ?not 
"sedCgQ_QA4iW, CONFIGURE 



2ero_ buffers 
DRAM_enaofe 



3:2 
1:0 



row.address_blt$( 1 :0J 



ORAM.data_w4cfth(1;0J 



Test renters CED^ PU^RES^CONFIG 
Tab ' e A.9.S DRAM interlace configuration 



registers (contd) 



Addr. 


Bit 






(hex) 


num. 


Register Name 


Page references 


Cx24 


7:1 


not used 






0 


b utf e f.ma na ge r_a ccess 




0x25 


7:6 


not used 






5:0 


buffer_maaager.keyhole_addfess | 




| o* 6 | 


7:0 


ouner_manager_keyrioJe_data 
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Addr. 


Bit 






(ft**) 


nunv 




Page references 


0x00 


7:0 


not used 




0x01 










1:0 


cdb^base 






/ ru 






WAV J 


7.-0 






0x04 


7:0 


not USed 




0x05 


7:2 








1:0 


cdb.tength 




0x06 


7:0 






0x07 


7:0 






0x08 


7:0 


noi US£0 


1 1 


0x09 


7:0 


cdb_read 




OxOA 


7:0 






0x09 


f .u 






OxOC 




not used 


1 


OxOO 


7.-0 


cdb.number 




OxOE 


7.-0 






QxQF 


/ .U 


1 




UX I u 


7:0 


not used 




0x11 


7:0 


tb_b**e 




0x12 


7:0 






UX 1 J 


7:0 






UX 


7.*0 


not used 




0x15 


7:0 


tb^lengtft 




0x16 


7:0 






UX 1 / 


7:0 






ux i a 


7:0 


— ^ 

not used 




* 0x19 


7:0 


tfi_re*d 




0x1 A 


7:0 






0x18 


7:0 






OxIC 


7:0 


not used 




0x10 


7:0 


tb_number 




oxie 


7:0 






OxiF 


7:0 







Table A.9.11 Buffer manager extended address space 
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^ 8<t 

num. 


Register Name 


Page references 


0x20 


7:0 


not used | 


0x21 


7:0 


bufferjimit 


1 


0x22 


7.-0 






0x23 


7:0 






0x24 


7:4 


not used 






3 


cdb.full 






2 


cdb_empty 






1 


tto.full 






0 

la A Q -1 


tb.empty 





Table A.9.12 Video demux registers 



Addr. 


Bit 






(hex) 


num. 


Register Name 


Page references 


0x28 


7 


demux.access CED_H_CTRL[7J 


1 




6:4 


huffman_«fTor_cod<2:01 CED^H_CTRLf6:4J 


1 




3:0 


private hutfman control bits (3J selects special 
C8P, [2] selects 4/8 bit fixed length C8P 




0x29 


7:0 


par*er_error_code CED_ H_ OMUX_ ERR 


0x2A 


7:4 


not used 




3.-0 


demux_keytio*e_address 




0x28 


7.-0 


C£D_ W. KEYHOLE_A DDR 




0x2C 


7.-0 


oemux Jceyno«e_data CED_H_KEYHOLE 




0x20 


7 


dumtny.lastjjlcture CED_H_ALU_REG0. 
r_ dummy_imst mm frame_ bit 






6 


field .Info CED_H_AIU_REGQ. r^fietdjnfo^tw 






5:1 


not used 






0 


continue CED_H_ALU_REG0. f_cononue^tt 




0x2 e 


7:0 


rom_rev«ion CED_H_ALU^REG 1 




0x2 F 


7:0 


private register 





238 
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Acer. 


Bit 












num. 


Register Name 


Pa^e references 






CxCO 


7:0 


not used 








CxOF 












0x10 


7:0 


riortz_pels r^hoaz _pets 








0x1 1 


7:0 






fT2 




0x12 


| 7:0 


vert^peis f^ymr^j&ts 




*=~ - 

us 


1 

1 


Cxi3 


7:0 






! 
1 


Cx14 


7:2 


not used 




ft n 


1 




1:0 


buffer_$Ue r_butfe resize 






i 
1 


0x15 


7:0 








1 


0x16 


7:4 


not used 




! : 


1 




3:0 


P«Laspect r_peL*spect 




£^ I 




0x17 


75 


not used 










1:0 


bit.rate r_bi'Lrate 






0x18 


7:0 








Chcl9 


7:0 










Oxl A 


7:4 


not used 










3:0 


pJc.nte r_p*c_ra(e 






0x1B 


7:1 


not used 










0 


constrained r_consrraine<s 






CxlC 


7:0 


picture.fype 




! Or:0 


7:0 


h261 _oic_ryp« 





Table A.9.13 Video demux extended address space (Sheet 1 of 8) 
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■ Addr. 
« " ^ 
1 (hex) 


num. 


Register Nam* 


Page references 


1 0x1 E 
1 


72 


not used j ■ j 


i 


1:0 


brofcen_c!osed | ) 


j OxlF 


7;S 


not used j 




4.-0 


predic:Jon_mode | 


J 0x20 


7:0 


vbv_delay 




0x21 

i 


7:0 






0x22 


7:0 


private register MP£G Ml ^pel J*d. jpc G 
pending_frame_change 




0x23 


7:0 


private register MPEG fun _pef_bwd, JPEG 
restaru'ndex 




0x24 


7:0 


private register horiz.mb.copy | 


0x25 


7:0 


plc_n umber | 

1 _ I 


0x26 


7:1 


not used 






1:0 


max_h 




0x27 


7:1 


not used 






1:0 


max_v 


| 0x28 


7:0 


private register scratch 1 


1 0x29 1 

i 1 


7:0 


private register scratch2 




Ox2A 


7:0 


private register scratch I j 


0x23 


7:0 


Nf MPEG unused 1, H261 ingob j 


0x2C 


7:0 


private register MPEG ftrsUjroup. JPEG first.scan 


0x20 


7:0 


prwzt^ register MPEG in_peture 




Ox2E 


7 


dummy_lest_picture r_rom_controf 




6 


field Info | 
~ i 




5;1 


not used | 




0 


continue 




0x2F 


7:0 


ronwevfsion 




0x30 


1-2 


not used 




1:0 


dc_hutt_0 




0x31 


7:2 


not used ! 

i 




1:0 


dc_huff_l j 


0x32 


7:2 


not used 






1:0 


dc_hutf_2 



Table A.9.13 Video demux extended address space (Sheet 2 of 8) 
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Pa<;e references 




Table A.9.-.3 Video demux extendedl^ space ^ g Qf 
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■ Ac2C>. 
i (hex) 


8<t 
num. 


Hegisxer NLime 


Page references 


" 0x50 
. CxSi 


7:0 
7:0 


r_prev_mh( 




: 0x52 


7:0 


r_prev_mvf 




; CxS3 


7.-0 




! 0x$4 


7:0 


r^prev^mrib 




] 0x55 


7.-0 




r 


0x56 


7:0 


f _prev_rnvb 




0xS7 


7:0 






0x53 
0x5? 


7.-0 


not used 




0x60 


7.-0 


f.horiz.mdcnt 




0x5 1 


7:0 






0x62 


7:0 


f_vert_mbcnt 




0x63 


7:0 




0x64 


7:0 


rtoriz.macro clocks r_horu_mbs 




1 0x55 


7:0 




J 0x66 


7:0 


v«rt_macroblocks r_vert_mbs 




! 0x67 


7:0 


i 


0x66 


7:0 


private register r^restarr^cnt 




0x63 


7:0 






0x6A 


7.-0 


restartjnterval r_restajt_rnt 




0x68 


7:0 






0x6C 


7:0 


private register r_bik_h_cnt 




0x60 


7:0 


private register r_bik_v_cnt I 


0x5c 


7:0 


private register r_eomoid 


i 
1 


0x6F 


7:0 


max_compor»entJd r.max.compid 


1 


0x70 


7:0 


coding_standard r_coding_std 




1 0x71 

i 


7:0 


private regisier r _panem 




1 0x72 

i 


7:0 


private register r_fwd_r_size 




0x73 


7:0 


private register r_bwd_r_size 




0x74 
0x77 


7:0 


not used 




0x78 


7:2 


not used 






1:0 


Wocfcs.n.O r_Wk_hJ5 





Table A.9.13 Video demux extended address space (Sheet 4 of 8) 







8rt 












num. 










CxlOO 
CxICF 


7:0 


dc_bfts_0p5:0] CEO_H.KEY_OC.CPB0 




Ox::0 
OxIlF 


7:0 


dc_ftits_1ll5:0] CED_H.KEY.DC.CP81 




j 0x120 
Ox13F 


7:0 


not used 




0x140 
OxMF 


7:0 


ac.t>it_.0(lS:0] CED_H.KEY.AC.CPBO 




0x1 SO 
0x15r 


7:0 1 


ac.tms.ipsrO] CED.H.KEY.AC.CPBl 




0x160 
0x17r 


7:0 


not used 


1 

1 

1 


0x180 


7:0 


dc_as«_0 CED_H_KEY_2SSSS INOEXO 


1 


0x181 J 7:0 


dc_ssss_1 CED_H.KEY_2SSSS_INOEX1 


1 


0x182 
0x1S7 


7:0 


not us«d 


■ i 

1 

i 


Ox 188 | 7:0 | ac.eofa.O CED_H.KEY.EQ6 JNQgXO j 

Tabfe A.9.13 Video demux extended address space (Sheet 5 of 8) 



s 



i is? 
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Addr. 


Sit 






num. 


Kegtsief Name 



p *$* reference* 




0x000 
0x3AF 



ac.hutfvaLl(16l:0J CcD.H.KEY.AC.ITOO. ! 



0x330 
0x38F 



7:0 



dc - huf *»U(11:0) CEO.H.KEY.OCJTOO. 




0x820 
CxS2F 
0x830 

0xS3F 
0xd40 



CED.KEY_MSA_CP9 
CSD_K£Y_MVD_CP9 



0xS4F 



7:0 



CED.KEY.MTYPE.LCP3 



space (Sheet 6 of 8) 



S=IS 
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Q ™ 2 \ 7 * \ CH0,K£Y.HDSTHOM.1 



CSCLKEY_HDSTR0M_2 




OxAC 
0 



7:0 



CeO.KEY.OMX.WORO.O 



Page references 
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i 


OxAC 
9 


7:0 


CSD_K£Y_CMX_WORD__9 





A 
OxAC 
3 



7:0 



not used 



OxAC 
C 



OxAC 
D 



7:0 



7:0 



CcO_K£Y_DMX_AINCR 



OxAC 



OxAC 

F 



7:0 



CED.KHY.OMX.CC 



7:0 



Table A.9.13 Video demux extended address space (Sheet 3 of 8) 



Aadr. 
(hex) 


Bit 
num. 
7:1 


Register Name 

not used 


Page references 

I 


0x30 


7:1 


not used j 


0 




0x31 


7:2 


not used 


1:0 


lq_coding_standard j j 


0x32 


7:5 


not used 


4:0 


test register iq_scale 




0x33 


72 


not used j 




1:0 


lest register iq_camponent 


0x34 


7:2 


not used j 




1:0 


test register inverse.quantiser j>rediction_mode | j 


0x35 


7:0 


test register |peg_m direction J 
I 



Table A.9.14 Inverse quantiser registers 



247 



Aodf. 

(hex) 


Bit 
num. 


Register Name 


?a-e references j 

i 
i 


0x36 


72 not used | j 


1:0 


test re^rsrer mpegjncirection j j 


0x37 7:0 


not used 


• j 


0x38 


7:0 


iq_ tabfe_*eynole_address | 


-i 

I 
I 


0x39 


7:0 


lq_tadle_keyhoie_data | 



le A. 9. 14 Inverse quantizer registers (contd) 



Addr. 
(nex) 


Register Narre 


! - ! 
j *-a~e .'ofererces j 


0x00:0*3F 


JPEG Inverse quantisation table 0 
MPEG default intra table 


I 
l 
i 


0x40;0x7F 


JPEG Inverse quantisation table i 
MPEG default non-intra table 


i 

i 

1 

i 


0x9O:0xSF 


JPEG Inverse quantisation tacfe 2 
MPEG down-loaded ins-a table 


1 
j 

i 
t 

i 


0xC0:0xFr 


JPEG inverse quantisation table 3 
MPEG down-loaded non-intra table 

l 


i 

i 

1 



Table A. 9. 15 Iq table extended address space 
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SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
■ The coded data input port 
The microprocessor interface (MPI) 
The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
20 mixture of MPI and coded data port input. 



The coded data port 



cod«d_ciock 



coded_data[7:0] 



coded.extn 
coded.vaifd 
coded_accept 



byt«_mode 



fnput 



Input 



Input 



Input 



Output 



input 



A Clock operating at up to 30 MHz controlling T.e 
operation o* the input circuit. 



The standard tl wtres requ.red to ,mp.. m(n , a 
Token Port transferring 8 Wt data va(ues See ^ 

'or an electrical descnpoon of ;ni S 



A.4 
interface. 



Circuits off^hip must parage coded data ,rto 
Tokens. 



When high this signal indicates that information , s ; 
o« trans/erred across the coded data port .n byre 
mod* rather than Token mode. 



Table A, 10.1 Coded data port signals 
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Tha^coded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode. 



10 



A. 10. l.i Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
coded_accept. See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
[7:0], coded_extn and coded_ valid, i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 
OJ If, however, byte_mode is high, then a byte of data is 

transferred on data[7:0] under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

l; First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 
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A. 10. 2 Supplying data via the MPI 

Tokens can be supplied to the Spatial decoder via the 
MPI by accessing the coded data input registers. 
A. 10. 2.1 Writing Tokens via the MPI 

. The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
efficient data transfer. The 8 data bits, coded_data : 7 : o ; 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 
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10 



15 



( Se *^Table A. 9 . 7) . 

w hen configured for Token input via th. MPI , the current 
Token xs extended with the current value of coded_extn each 
tlB6 3 ValUS 15 bitten into coded_da ta [ 7 : 0 ] . Software is 
responsible for setting coded_extn to 0 before the last 
word of any Token is written to coded_data [ 7 : 0 ] . 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data t 7 : o ] . The start 
of this new DATA Token then passes into the Spatial Decoder 
for processing. 

Each time a new 3 bit value is written to 
coded_data [ 7:0 i , the current Token is extended. Coded_extn 
need only be accessed again when terminating the current 
Token, e.g. to introduce another Token. The last word of 
the current Token is indicated by writing o to coded_extn 
followed by writing the last word of the current Token into 
coded data ; 7 : 0 ] . 




codec. busy 



™e state 0/ tn.s rasters mo.ca:es .1 i-.e 
SoatiaJ Decoder is ao<e to accept "ckens 
wnnen mio coded_data(7:0J. 
The value i indicates that ae in:er-ace * :xsy 
and unaole to accept data. 3ehavi 0 ur * 
uncefined if me user tries to wn:e to 
coded,data(7:Q] wnen coded.Ousy : 




4 
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shvut?^"" bef ° re Writi " 9 " = oded - d «a(7:0,, coded busy 

l-Pe« e d „ see if t h e interface is ready "«„ 
accept more data. 

A- 10. 3 Switching between input modes 

Provided suitable precautions are observed it is 
possible to dynamically change the data input' mode m 
general, the. transfer of a Token via any one route should 
be completed before switching modes. 



j Previous mode 


Next Mode 


Sehaviour 


! 3yte 


Token 


The on<n.p circuitry will use me (as; oyte suce«ec - 


i 

i 


MP( input 


byte mode as trie last byte of ine DATA Token ra: 
it was constructing (i.e. me extn on w.u te set :o ::■ 






3efore aeceoong me next Token. 



Table A. 10. 3 Switching data input modes 
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— a. 


j PrevioLa -oce 




Ber.aviou' 


Token 


i 3>-e 
i 

i 
| 

i 


j The ort-cmo crrcutry suoc»ytrig re ~c*en in To«en 
cr.cce =s fesccrs;oie 'or con-ote: - ;.~e ~c*en ( 
w.t.i y-.e oxtn :ne )ast :> - e : .' ..-.'c.'-aacn sei :s 
01 refore seiec::r.e cy:e moce. 




; MPI incut 
1 

| 

i 
i 

1 

i 


Access ;o mcu via trie MPI wnj . — ; -a -s r .-^ ; . 
ccced.ousy will :emam set ;o : j unri :re o.*r<.-.- 
circuitry sucoiy«nc, ;ne Token m ~r«er. xis ras ' 
c cm Dieted 'r*a T^ic^n fi * A v « _ _ i . 
oyte of informanon set to 0). ; 


MPI incut 


3yte 


The control sofrwa/e must nave cc— cie:ec ; 




MPI incut 


Token (i.e. witn tne extn bit o/ :ne las: rjyie zi \ 
information set to 0) oefore enaOie - mpi_mput ,s se! 
to 0. 



Table A. 10. 3 Switching data input modes (contd) 

The first byte supplied in byte mode causes a DATA Token 
header to be generated- on-chip . Any further bytes 
transferred in byte mode are thereafter appended to this 
DATA Token until the input mode changes. Recall, DATA 
Tokens can contain as many bits as are necessary. 

The MPI register bit, coded busy, and the signal, 
coded_accept, indicate on which interface the Spatial 
decoder is willing to accept data. Correct observation of 
these signals ensures that no data is lost. 
A.. 10.4 Rate of accepting coded data 

In the present invention, the input circuit passes 
Tokens to the Start Code Detector (see section A. 11) . The 
Start code Detector analyses data in the DATA Tokens bit 
serially. The Detector's normal rate of 
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processing is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
Token is supplied or when a start . code is encountered in 
the coded data. When such an event occurs, the start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
logical coded data buffer. if this buffer fills, then the 
Start Code Detector will be unable to accept more 
inf orma t ion . 

□ Consequently, no more coded data (or other Tokens) will 

S be acce P ted °" either the coded data port, or via the MPI, 

00 15 while the Start Code Detector is unable to accept more 

fi information. This will be indicated by the state of the 

m signal coded_accept and the register coded_busy. 

} f By usin< 3 coded_accept and/or coded_busy , the user is 

guaranteed that no coded information will be lost. 
However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded data (or stop new data for arriving, if the 
Spatial decoder is unable to accept data. 
A. 10. 5 Coded data clock 

In accordance with the present invention, the coded data 
port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock . Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A. U Start code detector 
»-il.l start codes 

stream kn °" n in " PEC and H - 261 video 

il:: nr 1 : «<= — =.n.d , t . rt 

codes s Y lniUr ^""i- - served in JPEC by , arter 
codes. start/.arKer codes identify significant parts of 
the syntax o, the coded data stream The analysis o 
start marker codes performed by the start Code Detector is 
the first staoe in parsing the coded data. The start Code 
Detector ls the first bloc, on the Spatial Decoder 
following the input circuit. 

can T be "« deSi ^ sd '« «*« they 

Thus thev 1 " iCh ° Ut deC ° di " 9 

Thus, they can be used in accordance with the present 

invention, to heln ^i** 

uo Th ° r recover l' '"d decoder start- 

up. The start Code Detector provides faculties to detect 

I" ln r " ded and to assist the 

start-up of the decoder. 

A. 11. 2 start code detector registers 

reg7sc P e r r7a°r U e Si i y ^""^ °' C «" 

so """" by thS S " rt C ° de °«ector. 

t °; re ' is — «iH be unreliable if the 

Start code Detector is processing data. The user is 

ZHZTl* enSUrl " 9 thS St «" C ° d * °«ector is 

halted before accessing its registers 

rS9lSter Start - COde - de "«or.access is used to halt 
the start Code Detector and so allow access to its 
registers. The start Code Detector will halt after it 
generates an interrupt. 

There are further constraints ™ .-k 

raincs °n when the start code 
search and discard all data ™~~> 

11 data modes can be initiated. These 
are described in A . 11.8 and A.11.5.L 
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Table A. 11.1 start code detector 
registers (Sheet 1 of s> 
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Hi 




'"«galJengtn_count_mask 



lPtg_ov«rupping.$urt.«vint 



JP«g_overtapping_sttrt_mask 



overiapping.san.event 



ovtruppjng.san.mask 



rw 



rw 



An illegal lengtn ccum event w.u occ^i .1 *m ie 
decoding JPEG daia, a length ccum « e id :s 
round carrying a value less ihan 2. This snou:! 
only occur as me result of an enor in the JPEG 
data. 

If the mask register is set to i men an internet 
can be generated and me stan cede detector 
will stop. Behaviour following an error is not 
predictable if this error is suppressed (masx 
register set to 0). Sn a. 1 1 .4.1 



If the coding standard is JPEG and the 
sequence OxFF OxFF is found wmie locking ':r 
a marker code this event will occur. 

This sequence is a legal srutfng secuer.ee. 
If the mask register is set to 1 then an interrupt 
can be generated and the start code detector 
will stop. See A. \ 1.4.2 



If the coding standard is MPEG or H-2S1 anc 
an overlapping sun code is found wnile looking 
'or a start code this event wilt occur, if the mas* 
register is set to 1 then an internist can oe 
generated and the start cede detector will stcc. 
See A. 11. 4. 2 



Table A.1 1.1 Start code detector registers (Sheet 2 of 5) 
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o 












"egtster name 




"3 


0 as cr: : ;:cn 






3 








C 


I 


unrecognised^start^event 


1 


0 


i 




rw 




t 

this event will occur. If me ~as< register :s set | 


j unrecognised_start_mask 


1 


0 


to t men an interrupt can ;e generated and t^e 1 

i 




rw 




stan code detector win stoo. j 




3 




The star: code value read .'.-cm ;r,e custream s 


1 






X 


I 




ro 




available in the register start_vaiue wr.iia :r.e ' 

i 








start code detector is halted. See a. n.4.3 j 

i 








j 

Ounng normal coeration stan_vaiue ccr.rairs ' 


i 






the value 0/ the mcs: recently decoded starv ' 


i 






marker code. j 








Only me 4 LSBs of sLart_value are usee during j 


! 






H.251 ooeration. The 4 MS3s will oe zero. } 


stop_after_picture_event 


1 


0 


If tne register stop_after_picture is sec ;o 1 | 




rw 




then a stoo after picture event will oe generated 




stop .arte r_plcture_m«k 


1 


0 


after me end 0/ a picture has passed through 






rw 




the start code detector. 




$top_afte r_p icturt 


1 


0 


If the mask register is set :o 1 men an interrupt 






rw 




can be generated and me s;an cede detectcr 

1 








r 

will stoo. See A. 1 1.S.1 ; 

• 








stop_after_picture does not reset to 0 after 

i 








1 

the end of a picture has teen detected so 1 








1 

should o« cleared directly. 



Table A. 11 .1 Start code detector registers (Sheet 3 of 5) 



p 



non_aiigned_$Lan_masi< 



! ignore_non_aligned 



j discard.ertension.cata 



discard_user_data 



discard_all_dau 
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rw 



When .gnore.non.a.igneo , s seT^T^ 
cedes that are not oyte aiigr.ee a .-e !g .rc:« 
(treated as normal data). 



rw 



rw 



When ignore.non.aligned :s se: : 0 C. h 25 i 
° 1 anc wp SG stan codes will be sefsc:« 
regardless 0/ byte al.gnment and »« r. C n- 
aiigned start event will be generated. 

" Ihe masK 'es<*« is set to 1 then the ever.t 
w.M cause an interruot and the stan coce 
detector win slop. See a.m. 6 

'/ the coding standard is configured as ..= £3 
Ignore.non.atigned is ignored and :.t e .-cn- 
aligned stan event will never be generated. 



When these registers are set to 1 errers.on cr 
user data that cannot be decoded by T.e 
Spatial Decoder .s discarded by the s;an code 
detector. See A. 11.3.3 



When set to 1 an data and Tokens are 
discarded by the stan code detector. This 
continues until a FLUSH Token is sussfied or 
the register is set to 0 directly. 

The FLUSH Token that resets this reg>s:er 3 
discarded and not output by the stan cede 
detector. See A. 11. 5.' 



rw 



See A. 11. 7 



Tab.eA.11.1 Start code detector registers (Sheet 4 of 5, 



ry 

Q 
o 




stt "-«de.d«t«ctor.coding.,unaard 



i 



picrure_numoer 




I 

e «^c BwlMno , W/ .,.. en se: .. a 

Sa "™« S0K , M . /; . : .'s:an.-c«. s 
setected. when 53ee: .„ s:a _ ^ $ 
Steered m 8 reg, S!9 , is sa! c w ..._ a 
ooerat/on follows. Sea A.1I.3 
17,15 ,e S ,stef con<i SLTM (fte „; : . ns s;a .. a . ~ 
«ed t, y me aUn cctfe fie!9c .. f ^ ^ ^ 

can be loaded direc:iy or 2y JS;n - a 
CODINQ.STANDARO r cke „. 
Whenever S(art C3Ce ^ 

CODING.STANDARD r 0 ,en [ses 

»t ca-:«s its c-f.-s--: 
«ding s:anoara „ nf!sura . ; ., . ;<<sn 

men configure C0<Ji „g sanCaf3 ^ ;y ^ 

ether pans of the decoder -*„.,.,. See a 2, , 

indA.n.7 



Hach ume tfte sun coded ce;ec:cr selects a 
P'ciure start code .n :n« cau s^a.-n :.~ 9 
H.251 or JPEG equivalent) a 
PICTURE_START Token is general 
^"»ch carries me current value of 
Picture.number. This reefer men 
increments. 



Tab.eA.11.1 Start code detect^T^^i^Ti^ 
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O 

01 



10 



15 




JPEG lengm count, "mis r ec is:er a n,ocS(lefl 
Under m « contro ' °' »>• codec data clock and 
should only be read via me MP, san ' 

code detector is stoooed. j 



Table A. 11. 2 start code detector test registers 

A. ll. 3 conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and 
to then convert them to the appropriate start code Token 
In the simplest case, data is supplied to the Start code 
Detector in a single long DATA Token. The output of the 
Start code Detector is a number of shorter DATA Tokens 
interleaved with start code Tokens. 

Alternatively, in accordance with the present invention, 
the input data to the Start Code Detector could be divided 
up into a number of shorter DATA Tokens. There is no 
restriction on how the coded data is divided into DATA 
Tokens other than that each DATA Token must contain 8 x n 
bits where n is an integer. 

Other Tokens can be supplied directly to the input of 
the Start Code Detector. In this case, the Tokens are 
passed through the Start Code Detector with no processing 
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to othwr^tages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 

A. ll. 3.1 start code formats 

Three different start code formats are recognized by the 

Start Code Detector of the present invention. This is 

configured via the register, 

start _ code _detector_coding_standard. 




Table A. ll. 3 Start code formats 
A. n.3.2 Start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. In general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 



Stan cc;e Token -eneraied 

PICTURE_S TART 
SL1CE_START« 



SEQUENCE_START 



SEQUENCE_END 



GROUP_START 
USER_DATA 



EXTENSION_DATA 




OxeO to 


APP olo 


OxEr 


i 



0x85 



GxF= 
0xC3 



j COM 



DHT_MARKER 



OxPO lo 


J?G 0 :o 


OxFQ 


JPG D 


0xC2 to 




OxSF 




OxCi to 


1 


0xC3 


SCF tt j 



OxCC 



DAC 



DNL.MARKER 



DQT.MARKER 
DRLMARKER 



OxC4 



OxDC 



0x03 



OHT 



CQT 



0x00 



Table A. 11.4 Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value . 

Indicates start of baseline DCT encoded data. 
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Extended features of tire- coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
be application specific "user data'- that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

Two distinct mechanisms are employed. JPEG precedes 
blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 

In accordance with the present invention, MPEG/JPEG 
blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H . 2 S l / MPEG "extra information" is detected by the Huffman 
decoder of the present invention. See A. 14.7, "Receiving 
20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the start Code Detector to be 
configured to discard user data and extension data. If 
this data is not discarded at the Start Code Detector it 
can be accessed when it reaches the Video Demux see A. 14. 6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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A. IX. 3. 4 JFBO Table definitions 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 
5 generates the Tokens DHT_MARKER and DQTJtARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 

10 A* 11 • 4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A.ll.g, 
"Start code searching") . 

15 A* 11 .4.1 Illegal JPEG length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 

20 following a data error. In the present invention, this 

will generate an interrupt if illegal_length_count_mask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 

25 of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11. 4.2 Overlapping start /marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 

3 0 the Start Code Detector -first sees a pattern that looks 
like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_mask is set to 1. 

It is impossible to tell which of the two start codes is 
5 the correct one and which was caused by a data error. 

However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start- code event has been 
10 serviced. If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 
2 Similar errors are possible in non byte-aligned systems 

Cn (H.261 or possibly MPEG). In this case, the state of 

% ; 15 ignore_non aligned must also be considered. Figure 65 

M: illustrates an example where the first start code found is 

p( byte aligned, but it overlaps a non-aligned start code. If 

7~ ignore_non_aligned is set to 1, then the second overlapping 

M- start code will be treated as data by the Start Code 

2 0 Detector and, therefore no overlapping start code event 

will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 

2 5 A. 11. 4. 3 Unrecognized start codes 
The Start Code Detector can generate an interrupt when 

an unrecognized start code is detected (if 

unrecognized_start_mask = 1) . The value of the start code 
that caused this interrupt can be read from the register 

3 0 start_value. 
The start code value 0xB4 (sequence error) is used in 

MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to cosce^t . 

A. ii. 4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 

2 ) Over lapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be 
associated with the non-aligned start code. After this 
event has been serviced, the Start Code Detector's 
operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
start codes are complete. 
A. li. 5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 

There are limitations on using these techniques with 
JPEG coded video as data segments can contain values that 
emulate marker codes (see A.li.8.1). 
A. ii. s.l Clean end to decoding 

The Start Code Detector can be configured to generate an 
interrupt and stop once the data for the current picture is 
complete. This is done by setting stop_af ter_picture = 1 
and stop_af ter_picture_mask = l. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an in**r«upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. m some applications, however, 
it may be appropriate to detect the FLUSH arriving at the' 
output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_al l_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_a 1 l_data is reset via the 
microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5.2 When to start discard all mode 

The discard all node will start immediately after a 1 is 
written into the discard_all_data register. The result 
will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
etc.) has generated an interrupt. 
A. n. 5. 3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
data that precedes the- start of the sequence. See A. 11.3. 
A. n.5.4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 
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from on* -p art G f one coded video sequence to another m 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_after_picture and discard_al l_data mechanisms 
allow unwanted data from the old video sequence to be 
discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
A. 11. 6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes .in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned = o the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = o, the 
start code non-alignment interrupt is suppressed.' 

In contrast, however, JPEG was designed for a computer 
environment where byte alignment is guaranteed. Therefore 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG , the 
register ignore_non_al igned is ignored and the non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = l and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG, on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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systems. start codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
o like a start code, unless it is astart code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
10 occurred. if the error is a "bit-slip., in a bit-serial 

communications system, then data containing this error will 
have already been passed to the decoder. This error is 
likely to cause other errors within the decoder. However 
new data arriving at the Start Code Detector can continue' 
to be decoded after this loss of byte alignment. 

By setting ignore_non_al igned = 0 and 
non_aligned_start_mask = 1, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
will be non-aligned (until byte alignment is restored) 
Accordingly, setting non_aligned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 




A. 11. 7 Automatic Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards- In 
addition to these "natural" Tokens, some useful "invented" 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODING_STANDARD . Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
conditions . 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
Detector") . Therefore the system responds equally to 
Tokens that have been supplied directly to the input of the 
Spatial Decoder via the Start Code Detector and to Tokens 
that have been generated by the Start Code Detector 
following the detection of start codes in the coded data. 
A. 11.7.1 Indicating the end of a picture 

In general, the coding standards don't explicitly signal 
the end of a picture. However, the Start Code Detector of 
the present invention generates a P I CTUR E_ EN D Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 
SEQUENCE_START , GROUP_START , PICTURE_START , SEQUENCE_END 
and FLUSH. 

A. 11.7.2 Stop after picture and option 

If the register stop_af ter_j?icture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 
passed through. However, a FLUSH Token is inserted after 
the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11.5.1. 
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A. 11.*? 3- introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). if the register 
insert_sequence_start is set, then the Start Code Detector 
will ensure that there is one SEQUENCE_START Tok-n b-for- 
the next PICTURE_START , i.e., if the Start Code Detector" 
does not see a SEQUENCE_START before a PICTURE_START , one 
will be introduced. No SEQUENCE_START will be introduced 
if one is already present. 

This function should not be used with MPZG or JPEG. 
A. ll. 7.4 Setting coding standard for each sequence 
q All SEQUENCE_START Tokens leaving the Start Code 

j0 Detector are always preceded by a COD I NG_ STANDARD Token. 

U ThlS T ° ken is load ed with the Start Code Detector's current 

£ 15 coding standard. This sets the coding standard for the 

S entire decoder chip set for each new video sequence. 

Q A. ll. a Start code searching 

The Start Code Detector in accordance with the 
q invention, can be used to search through a coded data 

jjj 20 stream for a specified type of start code. This allows the 

£ decoder to re-commence decoding from a specified level 

° within the syntax of some coded data (after discarding any 

data that precedes it). Applications for this include: 
■ start-up of a decoder after jumping into a coded data 
25 file at an unknown position (e.g., random accessing). 

•to seek to a known point in the data to assist recovery 
after a data error. 

For example, Table A. 11.6 shows the MPEG start codes 
searched, for different configurations of 
30 start_code_search. The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11. 4. 
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t - start_code_searcn 


Stan codes sea.*cr.e<s *cr ... 


i 


| Normal cc-eraticn 




; 1 


; Reserved (*vtil ser.ave as ciscarc cata) 




2 


i 




i 3 


secuence start 




| stan_code_searcft 


Stan codes searcned for ... 


'- 


grouo or sequence start 


1 


i .• i 


otcrure. group or sequence start 


I 


6 

■ 


siice. octure. grouo or sequence start j 


1 7 


the next start or marker code 



Table A. 11.6 Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

When a non-zero value is written into the 
start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

The start code search will start immediately after a 
non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 
1.5 Detector should be stopped so no data is being processed. 

The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

11.8.1 Limitations on using start code search with JPEG 
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Mose-j-^EG ra arker codes have a . 1-6 bit length count field 
associated with them. This field indicates the length of a 
data segment associated with the marker code. This segment 
may contain values that emulate marker codes. In normal 
operation, the start Code Detector doesn't look for start 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. m general, JPEG coded video will require 
additional external information to identify entry points 
for random access. 
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SECTI6* A.12 Decoder start-up control 

A. l2 .i overview of decoder st.rt-up 

In a decoder, video display win noriaUy be d 

TZ\T a£ter coded data is first •"•«•«.• °X 

hl V Slay ' = ° ded ™^tes in th . buffers in "I 

dec Oder. This pre-fium, of the buffers ^ * 

buffers never empty during decoding end, this, therefore 
ensures that the decoder is aole to decode new pictures at 
regular intervals. tures at 

Generally, two facilities are required to correctly 
start-up a decoder. First, there must be a .echa„i 5 , to 
measure how „uch data has been provided to the decoder 
second, there „ust be a mechanism to prevent the display of 
a new vxdeo stream. The Spatial Decoder of the invention 
proves a We counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output 

There are three levels of complexity for the control of 
these facilities: 

Output gate always open 

' Basic control 

* Advanced control 

With the output gate always open, picture output will 
start as soon as possible after coded data starts to arrive 
at the decoder. This is appropriate for still picture 
decodm, or where display is being delayed by some other 

mechanism . 

The difference between basin an,* ^ 

uasic and advanced control 

relates to how many short video <=i-y-^^ 

7 c viaeo streams can be accommodated 

m the decoder's buffers at anv 1- 1 m~ 

any time. Basic control is 
sufficient for most appl icat ionc= u 

fFucauons, However, advanced 

control allows user software to h^ir. *.u« j 

to nelp the decoder manage the 
start- up of several very short video streams. 
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A.12.2—HPEG video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary,, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12 .3 Definition of a stream 

In this application, the term stream is used to avoid 
confusion with the MPEG term sequence. Stream therefore 
means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A- 12. 4 Start-up control registers 




b't_count_prescale 
CEQ_3S_PR£SCALS 



bit_count_target 
CSD_3S_TARGE7 



Urget_met_ev«nt 
3S_ TARGET_MET_£V£NT 



Urget_m«t_mask 



This tit counter : S ■•r.c:*mer.tea as cccec 
(eaves tne stan cede ceteccr. The re-ce- - 
bits required to rr.cremer; bit_coun: : - C e .s 
aoorox. 2* bu -™ un, -P f «* c *'*- : i x 5,2 

The D.t counter s:ar^ ccum.r.g a - sr a 
FLUSH Token -asses :r.rcu;.- :h e o.; zzur.;* r 
ft is reset to zero and men stccs tr-*-*,— ^ 
after ne Or: count :ar~e: -.as ceen - e :. 
This ceqtster scec;/ies :ne sir col-: :a.--e:. a 
target met evert is generate wrerever 
,'oilowing condition cecomes tree: 
bit.count >» bit_count_target 
When me OK count :arget is met Ti:s even: 
be generated, if ihe mask register s sat :o : 
then an interruot can ce generated. hew-ver. 
the on counter will NOT stoo orccess;ng oa;a. 
This event will occur wnen tne oit cc-r.ier 
increments ;o its target. It will also occur i a 
target value is wrmen wnicn is (ess :rap or 
ecual to the current vaJue of c.e zti cc .-.:*• 
Writing 0 to bit_count_iarget w:i! a : *a,s 
generate a target — et event. 



Table A.12.1 Decoder start-up registers 
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Register name 


o 

CO 


« 

(9 

on 

o 

o 
C 


Descrction 


counter Jlusneo.event 


1 


0 


when a FLUSH 7o<en passes Tuougn r.e nt 


SS.'L L'SH. EVENT 


rw 




count circuit this event will occur. 1,' tr-.e -as* 


counter_flusned_mas* 


1 

rw 


0 


register is set to 1 then an interrupt car. oe 
generated and the tit counter will stzo. 


t 

j counter_flusned_too_eariy_ event 


t 


0 


it a FLUSH Token causes juougn re c>: 


1 

ES_?LUSH_SE?QZE_TARGET_ME?„EVENT 


rw 




count circuit and :ne c:t count target .-.as "ot 


counterJIushed_too_earty_mask 


1 

rw 


0 


been met mis event will occur, if trie mas< 
register is set to 1 then an interrupt can oe 
generated and the en counter will step. 

See A.12.10 


oMchip_queue 


1 


0 


Setting this register to I configures L s .e ;a;s 


CED_3S_CUEUE 


rw 




opening logic to require microprocessor 
support. When this register s set :o 0 ne cu:;u: 
gate control logic will automatically control "J*e 
operaaon of the output gate. 

t 

See seoons A. 12.5 and A. 1 2.7. : 


enaoie_sxream 


1 


0 


When an off<hip queue is in use wn;;ng \o 


CED_3S_ENASLE_NXT_STM 


rw 




enable.stream controls the behaviour of the 
output gate after the *nd of a stream passes ! 
trvougn it. 

A one in jits register enables the curou: ga:e :o 
open. 

The register will be reset wnen an 
accept.enadle internet :s generate. 



Table A.12.1 Decoder start-up registers (contd) 
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accept_enaoie_ma$k 



Th.s event .nocates mat a FLUSH 7 0 «en nas 
passed through T.e ouaut gate (caus.r.g :l ; 0 
dose) and mat an er.aole was availasie to allow 
the gate to open. 

If the mask register is set to 1 :nen an -:er— : 
can ce generated anc li« register 
enafile.stream will de reset. See A.:2.7.i J 



Table A* 12-1 Decoder start-up registers (contd) 
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A. 12.*-, «utput gate always open 

The output gate can be configured to remain ooen This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
manage the start-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing l to startup_access) : 
• set of f chip_queue = l 
•set enable_stream = i 
•ensure that all the decoder start-up event mask 

registers are set to 0 disabling their interrupts 
(this is the default state after reset). 
(See A. 12.7.1 for an explanation of why this holds the 
Id output gate open.) 

A. 12. 6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token. The gate will remain 
closed until an enable is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
25 count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access ) : 

set bit_count_prescale approximately for the expected 
. range of coded data rates 

set counter_flushed_too_early_mask = i to enable this 
error condition to be detected 
Two interrupt service routines are required: 

Video Demux service to obtain the value of 
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*i>v^_delay for the first picture in each new 
stream 

•Counter flushed too early service to react to 
this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video demux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A* 12 * 6 • 1 Starting a aav stream shortly after anothar 
f inishas 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B , an interrupt will be 
generated allowing the bit counter to be configured. 

As the FLUSH marking the end of stream A passes through 
the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 
have already met its start-up conditions when the output 
gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements . 

A. 12 .6,2 A succession of short streams 

The capacity of the queue located between the bit 
counter and ,the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 
finish being decoded. In the present invention, this 
situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 

In Figure 69 stream A is being decoded and the 
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outputs-gate is open) . streams B and C have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. stream D is still 
arriving at the input of the Spatial Decoder. 

Enables for streams B and C are -in the queue. So, when 
stream A is completed B will be able to start immediately. 
Similarly c can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 
queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., A is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 
input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through. 

A. 12.7 Advanced operation 

In accordance with the present invention, advanced 
control of the start-up logic allows user software to 
infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
A. 12.6.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing 1 to start_up access) : 
set of f chip_queue =.1 

• set accept_enable_mask = 1 to enable interrupts 
when an enable has been removed from the queue 

• set target_met_nask = 1 to enable interrupts 
when a stream's bit count target is met 
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Tw«dditional interrupt service routines are 
required : 

• accept enable interrupt 
■ Target met interrupt 
5 When a target met interrupt occurs, the service routine 

should add an enable to its off-chip enable queue. 
A. 12. 7.1 output gate logic behavior 

writing a 1 to the enable_stream register loads an 
enable into a short queue. 
10 When a FLUSH (marking the end of a stream) passes 

through the output gate the gate will close. If there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable_event . If 
accept_enable_mask is set to one, an interrupt can be 
L5 generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) . 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event 
and the enable is NOT removed from the end of the queue. 
This mechanism can be used to keep the output gate open as 
described in A. 12. 5. 
A. 12. 8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 
the current video stream. m this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register. A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 

■The bit counter will also stop incrementing when it 
reaches it maximum count (255). 
A. 12.9 Bit count prescale 

In the present invention, 2' , " , -" un '- pr --^ JK -" x 512 bits 



are 
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requir^d^o increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 

value between 0 and 7. 



Range (bits) 



Resolution (bits) 



0 j 0 to 252144 1024 


1 0 to 524238 


2048 


7 0 to 31457290 


122680 



Table A. 12. 2 



ry 



10 



Example bit counter ranges 



The bit count is approximate, as some elements of the 
video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12. 10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 
bit count target is attained, an event is generated which 
can -cause an interrupt (if counterj lushed_too_early_mask = 
1). If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 
open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 



10 



15 



20 



30 
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SECTF9>f A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers:, 
the coded data buffer { CDB ) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
by the buffer manager. 
A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buffer_manager_acce S s, set to 1) awaiting configuration. 
After the registers have been configured, 
25 buffer_manager_access can be set to 0 and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value i can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consider aft: 



ion when polling such registers as cdb ful 
cdb_empty to monitor buffer conditions. 



Register name 



G 



9 



{Description 



oun*er_manager_access 



This access on steps me operas:/! -J curfer -ana- 
various registers can be accessed reiiapiy. See A.5.4, : 
Mote: Dis access register ts unusual as us default s;a;e 
| i . I.e. after reset Tie buffer manager :s r.aited awaiting z 
via me microprocessor interface. 




j ouffer_manager„keyhoie_dau 



Keynoie access to me extended accress ssace usee 
manager registers shown below. See A. 5.4.3 
information about accessing rasters .. fCu;n a keyRCie _ 



: bufferjimit 



13 



cdb_tase 



to.oase 



18 



This specifies tne overall size C ;.- e " " - ~ \r^'^7Z 

Spat.aJ Decoder. All buffer addresses are ; .. i:v 

size and so will wrap round with:n «i- C = ' ■ r^vided. 



These registers oomt to trie base of me * -ata (c=b) a 
(tb) buffers. 



cdb Jength 



tbjength 



18 



These - specify me lengm (i.e. size) of me codec - 

and Tokr ;to) buffers. 



cdb_read 



:o_read 



cdb_numo<r 



tb_number 



18 



These register no<d an offset from tne ou''-- :.ase arc 
where data -t« be read from next. 



18 
ro 



These vers show how much data * f*ntly held :n j-.e 



cdb, full 



topfull 



cdb^empry 



tb_empry 



1 

ro 



The.- • *r r mer S wtii p« set to 1 if tn» - s q cata (czz) c; r> 
bu*-- ■ ;»* 



Tr*. cgisters will be set to 1 ,r m e ..ocea data (c=c) To- 
b*.ir.*r empties. 



Table A.13.1 Butter manager registers (contd) 
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A. 13 . UUBuf fer manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (using the 
DRA.. s cast page .ode). All the buffer pointers and length 
registers refer to these 64 byte (512 bit) blocks of data 
So, the buffer manager's 18 bit registers descr.be a 256 X 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
A. 13. 2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
limit register (buffer_lin.it) defines the physical upper 
limit of the memory space. All addresses are calculated 
modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base) and the buffer length (cdb_length 
and tb_Iength) . All the registers described thus far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
will be read next. The buffer number registers (cdb_number 
and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_full, cdb_empty 
and tb_empty indicate if the buffers are full or empty. 

As stated in A. 13. 1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value read from cdb_number should be 
multiplied by 512 to obtain the number of bits in the coded 
data buffer. 
A. 13.3 Zero buffers 

Still picture applications (e.g., using JPEG) that do 
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not h**e~a "real-time" requirement will not need the large 
off-chip buffers supported by the buffer manager. m this 
case, the DRAM interface can be configured (by writing i to 
the z=ro_buffers register) to ignore the buffer manager to 
5 provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero -buffers option may also be appropriate for 
applications which operate working at low data rates and 
with small picture formats. 
10 Note: the zero_buffers register is part of the DRAM 

interface and, therefore, should be set only during the 
^ post-reset configuration of the DRAM interface. 

^ A. 13. 4 Buffer operation 

jjj The data transfer through the buffers is controlled by a 

3 15 hands ^*e Protocol. Hence, it is guaranteed that no data 

errors will occur if the buffer fills or empties. If a 
| bUffer is filled, then the circuits trying to send data to 

rhe buffer "'HI be halted until there is space in the 
H buffer. if a buffer continues to be full, more processing 

stages "up steam" of the buffer will halt until the Spatial 
Decoder is unable to accept data on its input port. 
Similarly, if a buffer empties, then the circuits trying to 
remove data from the buffer will halt until data is 
available. 



20 



25 



As described in A. 13. 2, the position and size of the 
coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers. 
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SECTfOiX A. 14 Video Demux 

The Video Demux or Video parser as it is also called, 
completes the task of converting coded data into Tokens 
started by the Start Code Detector. There are four main 
processing blocks in the Video Demux: Parser State Machine, 
Huffman decoder (including an ITOD) , Macroblock counter and 
ALU. 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The 
Huffman decoder converts variable length coded (VLC) data 
into integers. The Macroblock counter keeps track of which 
section of a picture is being decoded. The ALU performs 
the necessary arithmetic calculations. 
A. 14.1 Video Demux registers 



fleg:s:er name 


a 

in 


© 
5 

9 
VI 

o 

cr 


Deselection 




j demux. access 


1 


0 


This access on stops the operation of the Video Cemux so --a: 


t's ; 




rw 




various registers can be accessed reliably. See A. 5.4.1 


i 
i 


h uff ma n_err or _code 


3 




When the. video Oemux stops following the generation 0/ a 




C£D_H_CTRLfS.4J 


ro 




huffman.event interrupt request this 3 bit register holds a vaxe : 
why the interrupt was generated. See A. 1 4.5.1 


i 
i 

r.ccaur.g 

! 


parser_error_code 


3 




When the Video Oemux stops followmg tn e generation of a wer.ever.i 


CZD_H_ CMUX_ ERR 


ro 




interrupt request this 6 bit register holds a value incicaor.g wry t 
interrupt was generated. See A. 14.5.2 


I 


d«mux_keynole_address 


12 


X 


Keyhole access to the Video Demurs extenceo acdress scace. 




~ = 3- H - <EYHCl£_A0OR 


rw 




A. 6. 4. 3 tor more information aoout accessing re;:s;e 


rs 


demux_keynoie_data 


3 


X 


through a keyhole. 






rw 




Tables A. 14.2, A.14.3 and A.14.4 describe tne registers r.ar :a-i 
accessed via the keyhole. 





Table A. 14.1 Top level Video Demux registers 
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/*_ Gummy Jast_frarr.e_ * lt 



field Jnfo 
I C£D_H_auj_REGO 

r_rcm_control 



continue 

CEO_H_AL'J_R£G0 

r_rom_controt 

r_connnue_btt 



I rorrwevision 

! 

I C£D_H_ALU_REG 1 

; 
i 

i r -'Cm^revis;cn 



When tn,s , egis , t , , s set ; 0 , y, Ceo Cer , ux w|| senera;e :r ; 5fr - a ._ n 

(or a -aunimy Irxra ccSure as ;.-, e , M , -, crj .. e 0( an MPSQ stcueRCB _ 

Th,s / U ncoon is « e ,,., whtn ,, e Te(rcofai a .^.^ ;gf 

automate jxcture r^or stnnj ( See a. , 3.3.5. -Picturt secuerxe r S . 
O'tftnng'. l3 flt ,., ;ne , as{ p =f , xV| ^ q( ^ I 

Cecoder. 

No "dummy* picture is required if: 

• (he Temporal Decoder is not csnfigur-d for re-rcenng 

• another MPEG sequence wrii t* decoded .nn«^, e i y (as - M W(il a(so 
Hush out the last picrure) 

• tne coding standard is not MPEG : 



When mis register is set to 1 the first o/te of any MP eg 
er:ra_infcrmadon_picrjre is placed in -jie FIELD JNFO Token. S 5 



A. 14.7.1 



This register ailows user software to control new m.ucn extra, user or 
e«ens-*on data it wants to recede wnen >s it is detected by the decoder 
See A.14.6 and A.u.7 



immediately following reset mis holes a copy of microcode PCM 
revision number. 

This regrster is aiso used to present ;o control scr>/are data values read 
from the cooed data. See A.14.6. -Rece.ving User and Exta«;cn data". 
and A - 1 4 -7. "deceiving Erra !nfor-a:ion\ 



Table A. 14.1 Top level video Demux registers (eontd) 



2m 



Register name 



Cesc.-ioticn 



hurtman_ev«Qt 



hurfman_mask 



A Huffman event ls generated if an error is fcuno m trie coceo -a;a. Se- 
A - 1 4 - 5 - 1 fora description of these events. 

If the mask register is set to t r.en an mierruct ran = e generates ant 
Video Oemux will stoo. II the mask agister .s set :o C then r. 0 iPi-ff.sc -s 
generated and the Video Oemux wtil artemst ;o recover f.-o— :re a.- : -- 



parser_event 



parser_mask 



A Parser event can oe in resoonce to errors m r.e coced ra:a cr :c :rs 
arrival o/ information at the Video Oemux that requires scfrware 
intervention. See A. 14.5.2 for a iescnstion cf trese ever. is. 

If the mask register is set to 1 then an interrupt can oe genera:ed arc" :re 
Video Oemux will stop. If the mask register is set to 0 then ro mterruct ?s 



Table A 


. 14 


. 1 


Top level Video Demux registers (contd) 


Register name 


5 


o 

in 
« 

to 
<© 
C 


Description 


component_name_0 


8 


X 


Ounng JPEG operation the register component_name_n noids an 3 zn va;ue 


component_name_1 


rw 




indicating (to an application) which colour component nas the component ;C n. 


component_name_2 








component_name_3 






i 


horiz.pels 


16 
rw 


X 


These registers hold the horizontal and vertcaJ dimensions of the v.ceo semg : 
decoded in pixels. 


vert^pels 


16 
rw 


X 


See section A. 14.2 


horiz_macro clocks 


16 
rw 


X 


These registers hold the honzontal and vencaJ dimers;crs of Tie viceo reirg 
decoded in macroolocks. 


ven_ciacrooiocks 


16 
rw 


X 


See section A. 1 4.2 



Table A, 14.2 video demux picture 
construction registers 
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Oescncticn 








i 




Nf 






3 


X 


Ounng JPEG operation this reg.ster holds me oarameter Nf (n-rrzer cf .rra-e ' 


i.r i 








rw 




components in frame). ! 


nj 


blocks 


_n 


„0 


2 


X 


i-or eacn of me 4 colour components me registers blocks r. n a -- ■ 


Q 

3 


blocks 


_h 


_t 


rw 




blocks_v_n hold me number of blocks horizontally ar.d verily -,r. a 1 




blocks. 


_h 


_2 






macroblock for me colour component with comccner.t 10 n. 1 


£ 3 


blocks. 


A 


.3 






See section A. 14.2 


s 

=s : 

i s.s 


blocks. 


_v_ 


.0 


2 


X 


~* 


blocks, 
blocks, 
blocks. 


v_ 


.1 
2 
3 


rw 




t 
i 
1 




tq_0 






2 


X 


The two oil value hefd by me register tq_n describes wn (C n Inverse ; 










rw 




Quantisation table is to be used wnen decoding data with exponent ;o n. \ 




IO_2 














:^_3 













Table A. 14.2 Video demux picture 
construction registers (contd) 
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A. 14. i~i ~ Register loading and Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated in 
the coded picture/video data. For example, the hori 2 _ P els 
register corresponds to the MPEG sequence header 
information, horizontal_size, and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded. These 
registers are also associated with a Token. For example, 
the register, horiz_pels, is associated with Token 
H0RIZ0NTAL_SIZE. The Token is generated by the Video Demux 
when (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. In this case, the value carried by the Token will 
configure the Video Demux register associated with it 
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pa 

Q 

L. :, 
: 

: y 




ac.ftuft_o 

2C_huf1_1 

dc_huf1_2 
dc.huff 3 



ac_huff_o 
ac_huff_i 
ac_huff_2 
ac.huff_3 



T*e rwo „„ v« u . ne, a ay :fte fe?(S!er 3c _, u „_ n MSCKsts wn(cn ___ aR 
component 10 n. 

Similarly ac.huff.n descr.ces the tacie :o ce used wn. r 
coefficients. 



:eccc:r; -C 



Baseline JPEG requrres up to two Huffman tables per scan. 7> e c 
implemented are 0 and 1. 



dc_bits_0(i5:0| 
cJc_oits_l[i5:0] 



ac_bits_0(l5:0j 
ac_oits_1[15:0l 



dc_nuttval_0(U:0) 
dc_hunVal_i[n .0} 



cacn of mew a a table of IS. e.gnt o-t values. Tney ;rov,oe the Sirs 
information (see JPEG Huffman table speoficaucn, wr, c .n iorm P ar cf tre 
description o/ two OC and rwo AC Huffman taoies. 
See section A. 1 4,3. 1 



cacn of these .s a table of 12, eight on va.ues. Tney prov.de the ^ 
information (see JPEG Huffman table soecrication) wmcn form pa.- c ? re 
description of two OC Huffman tables. 
See section A. 14.3. 1 



ac_nuffyal_0(i61:0| 


a 




Each of these .s a table of 152. e.gnt 5lt va.ues. They p-rov.ae :n e .-jr=VAL 


ac.nunVal_l[l6l:0] 
( 


rw 




information (see JPEG Huffman table soec.fication) wn.ch form par cf *e 
description of two AC Huffman tables. 
See section A. 14.3. 1 


dC_23S*S_0 


8 




These 3 bit registers hold values that are -special cased" :o acce«era:e :re 


dc_rssss_l 


rw 




decoding of cenain frequently used JPEG VLCs. 


ac.eoo.O 


6 




ac_eoo_i 


rw 




dc -«« • magnitude of OC coefficient is 0 
ac.eob - end of block 


ac zri o 


a 




ac.xrl i 


rw 




ac.zrl - run of is zeros 
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S3 




pel. aspect 



pic_rate 



constrained 



rw 



rw 



Th>s feg.sier .s loace* wnen deccong wp= G ~ata a ... 

* - J -«ia a vaiue <"c.ca;.-- 

size ol V3V buffer reauired .nan <ceai decoder. 
This value ,s noi used by the decoder cn.cs. How-ver. re valut , ., : . =s _ av 
be useful io user software wnen configur.ng t* e ::c M - a!a su-ff., 3 .- : :j 
detem.ne whether me decker is caoaole of decod,, 5 a =ar ,=,, ar >,=r : . , 



file. 



™ S feg ' SIef ' S ' 0aaed wnen Oecoc.ng MP=G ca.a wvr. a v., u . ,noc 3 ::, ; 
Pel aspect rate. The value is a 4 D ,« integer th at * used as an ,nde, ,„:, a 
(able defined by MPEG. 

See the MPEG standard for a definition of th. s table. 

This value is not used by th, decoder ch.ps. However. n . va ,ue , ,c:; s -av 
be useful to user software when configuring a display or oue u , etvxl 
Th-s reg 1S ter ,s loaded when oecodmg MPEG data wo a vaMje ,rc ca: 
coded data rate. 



See the MPEG standard lor a definition of tn.s value. 

This value is no. used by me decoder chips. However. the value a .-.Cds rr. ay 
be use/ul io user software when configunng tne eeeocef 
This register „ toaded wnen decoding MPEG data ««n a va.ue ,ncca :i rg , e 
picture rate. 

See the MPEG standard for a defin.tion of this value. 
Thi, value is not used by me decoder cn.os. However, the value a .-=■=* .-ay 
US<fUl 10 u ~ r ""en conf.gur.ng a display cr ououl devce. 



Th« register « ,oaded when decoo.n g MPEG data to .noicate .( *e cocec ra: 2 

meets MPEG's constrained parameters. 

See the MPEG standard lor a definition of tn.s flag. 

This value is not used by the decoder cni C s. However. value i : cs "a, 
be useful to user software to detem,ne whether the decider is .- ari ; » -•• 
decoding a panicular MPEG data file. 



Table A.14.4 Other Video Oemux registers 
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RJ 




n -2Sl_pic_:ype 



oroken_ciosed 



Oscnption 



rw 
8 



m ' 5 Fe ^ lcr no, <* o«ciu/e type of :^^7^ 

decoded . 

This register is loaded wn e n decoding K2Si~ 
the picture format. 



data, it .-.olds tnfcrrr a;cn aoc , j: 



7 


6 j 5 


4 


3 


2 


t j 0 , 


r 


r 


s 


d 


f 


d j r | r 



Flags: 



s * Split Screen Indicator 
d • Document Camera 
f - freeze Picture Release 

This vaiue is not used by the decoder chips. However. ^ e informal sncuid 
be used wnen configuring hori 2 _p« ls . vert.pels and disday cr zuizui 
device. 



During MP£ G operauon this regtster holds the 



broken Jink and =;csaa ^oo j 



information for the group of p.ctures being decoded. 





5 


4 


3 


2 


t 


0 


r 


' I ' 


r 


r 


r 


= | D 



Rags: 

c - ciosea_gop 



Table A. 14. 4 other video 



Demux registers (contd] 
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pic_number 



dummyjast _pfctur* 



fieidjnfo 



continue 



rom_revision 



coding^sundard 



data wan a vaiue indicating ine 
minimum s:a n-up delay be/ore decoding should start 



See the MPEG standa/d for a defini: 



tion o/ this value. 



This vaiue is not used by the decoder chics. However. :; 
be useful to user software when configuring the decoder 



This register holds the picture numoer for the 



he value it holes -ay 
sun- uo registers. 



pctures mat is currently be-r- 



decoded by the video Oemux This numoer 
detector when this picture arrived there. 



was generated by the start ccce 



See Table 



for a description of the picture numoer. 



These registers a/e aJso visole at the top level. See TV 



able A. M. 



2 
ro 



This register is loaded by the CODING.STAND ARD Token :o cor.r- 
the video Oemux's mode of operation. 
See secaon A.21.1 



Table A.14.4 Ottier Video Demux registers (contd) 
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s 

s 



O 



Regtster name 


-5S 

Q 

CO 


CO 

o 

<o 

tr 


Cescnotion 


resiartjnterval 


S 




This register .5 (oaaeo wn«n ceeoarg JPEG cata w.tn a vaiue iPCxaar.g --e 








minimum siart-uo d«iay oefore decocing should s;an. 








See tne MPEG standard for a definition of this value ! 
1 



Table A. 14 ,4 other video Demux registers (contd) 




Table A. 14. 5 Register to Token 



cross reference 
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Table A. 14,5 Register to Token cross 
reference (contd) 
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m 
o 



ru 




Table A.14.5 Register to Token cross reference (contd) 



302 
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A. 14 .2 Picture structure 

In the present invention, picture dimensions are 
descried to the Spatial Decoder in 2 dit£ere „ t 

pixels and macroblocks. jpeg and mdcy- w *w 

. . rtl> ana "PEG both communicate 

picture dimensions in pixels r«m~ 

• , . Pixels. Communicating the dimensions 

P1X : 1S determine th* area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
size. Communicatinq dimensions i„ 

... y dimensions m macroblocks determines 

the size of buffer required by the 

rf{ 4 y cne decoder. The macroblock 

dimensions must be derived by the user fy nm *k 

j we user rrom the pixel 



dimensions. The Spatial Decoder registers associated wit 
this information are: horiz_pels, vert_pel S> 
hori 2 _macroblocks and v e rt_macroblocks . 

The Spatial Decoder registers, blocks_h_n, blocks v „ 
max_h, max_v and max_com P onent_id specify the composition 
of the macroblocks (minimum coding units in JPEG) . Each 
a 2 bit register than can hold values in the range 0 to 3 
All except max_component_id specify a block count of i to 
4- For example, if register max_h holds 1, then a 
macroblock is two blocks wide. Similarly, max_component ic 
specifies the number of different color components 
involved . 




max_compon«nMd 



blocks_h_0 


1 


1 


1 1 0 i 


blocks_h_t 


0 


0 


0 


I ° 1 


biocksji_2 


0 


0 


0 


1 ° 1 


blocks.h.3 


z 


X 


X 


1 x i 


bl ocks_v_0 


0 


1 


1 I 0 , 


blocks_v_l 


0 


1 


0 


1 o j 


blocks_v_2 


0 


1 


0 


1 o | 


biocks„v_3 


z 


X 


X 


X 



Table A. 14. 6 Configuration for various macrobloc* formats 
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A. 14.*- Huffman tables 

A. 14. 3.1 jpeg style Huffman table descriptions 

In the invention, Huffman table descriptions are 
provided to the Spatial decoder via the format used by jpeg 
5 to communicate table descriptions between encoders and 
decoders. There are two elements to each table 
description: ■ BITS and HUFFVAL. For a full description of 
how tables are encoded, the user is directed to the JPEG 
speci f icat ion . 
10 A. 14 . 3 . 1 . 1 BITS 

BITS is a table of values that describes how many 
different symbols are encoded with each length of VLC . 
Each entry is an 8 bit value. JPEG permits VLCs with up to 
16 bits long, so there are' 16 entries in each table. 

The BITS[0] describes how many different 1 bit VLCs 
exist while BITSflj describes how many different 2 bit VLCs 
exist and so forth. 
A . 1 4 . 3 . 1 . 2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
of increasing VLC length. The size of this table will 
depend on the number of different symbols that can be 
encoded by the VLC. 

The JPEG specification describes in further detail how 
_ Huffman coding tables can be encoded or decoded into this 
25 format. 

A. 14. 3 , 1.3 Configuration by Tolcens 

In a JPEG bitstream, the DHT marker precedes the 
description of the Huffman tables used to code AC and DC 
coefficients. when the Start Code Detector recognizes a 
DHT marker, it generates a DHT_MARKER Token and places the 
Huffman table description in the following DATA Token (see 
A. 11 . 3 . 4) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA Ad-DHT.MARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operatxon. This .echanis, can be used for configuring the 
DC coefficie nt Huff man taoles reared for MPHC oper i 
howev er , the CQding ^^^^ ^ atiai P n 

set to JPEG wnile tne tables ^ ioaded _ 




'|[ n l n |"jn|n| n )n|n 



Values 0x00 and 0x01 specify DC coeffici 



lent coding tables 0 and I . 



Ij n j n j n 



values Oxio and Oxn specifies AC coefficient coding tao.es 0 and i. 
L, - 16 words carrying BITS information 



1! V| J * Words carrying HUFFVAL information (the 

number of words depends on the number of different 
symbols). 



I 3 



e - tne extension bit be 0 if th« « ^ endof me DATA Token 
anotnertabie description is contained in me same DATA Token. 



cr 1 it ; a 



Table A, 14. 7 Huffman table confim,.^ • « ^ 

w<*«xe conrxgxxrataon via Token* 
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A. 14. 3*t1*a C onfiguration by mpt 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI. See Tablo 
A . 14 . 3 . 

The registers dc_bits_0 ( l 5 : 0 } and dc_bi ts_l [ 15 : o ! 
hold the BITS values for tables 0x00 and 0x01. 

The registers ac_bits_0 15 : 0 ] and ac_bi ts_l [ 1 5 : 0 ] 
hold the BITS values for tables 0x10 and 0x11. 

The registers dc_huf fval_0[ 11 : 0] and 
dc_huffval_ir n:0] hold the HUFFVAL values for 
tables 0x00 and 0x01. 
^ The registers ac_huf f val_0 [ 161 : 0 ] and 

S ac_huffval_lf 161:0) hold the HUFFVAL values 

gi for tables 0x10 and 0x11. 

g 15 A. 14. 4 Configuring for different standards 

p The Video Demux supports the requirements of MPEG, JPEG 

§ and H - 261 - T he coding standard is configured automatically 

by the CODING_STANDARD Token generated by the Start Code 
M. Detector. 

£J 20 A. 14. 4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and, therefore 
require no user intervention. 
25 A. 14. 4-2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
h^_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 
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and Ufts^ensures that other decoder chips (such as the 

Temporal Decoder) are correctly configured. 

A. 14.4.3 MPEG Huffman tables 

The majority of the Huffman coding tables required to 
decode MPEG are held in ROMs within the Spatial Decoder 

(again, in the parser state machine) and, thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of mtral macroblocks. Two 
tables are required, one for chroma the other for luma 
These must be configured by user software before decoding 
begins. ^ 



y s 



J 5 



15 




Table A. 14. 8 Automatic settings for H.261 

Table A. 14. io shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
Spatial Decoder. Alternatively, the same results can be 
obtained by writing this information to registers via the 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 
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A.14.y S ftows how they should be configured for MPEG 
operation. This can be done directly via the MPI or by 
using the MPEG_DCH TABLE Token. 



dc_nuff_o 


0 


dc_huff_i 


i 


dc_huff_2 


i 


dc_huff_3 


X 



Table A. 14. 9 MPEG DC Huffman table selection via MPI 



us 



I o 



f7:0] 



Token Name 



i | 0x15 COOING.STANDARD 
1 - JPEG 



0x01 



OxiC | DHTJWARKER 



0x04 ] DATA (could be any colour component, 0 is used in this examcle) 



0x00 I 0 indicates mat this Huffman table is DC coefficient coding taole 0 



le A, 14. 10 MPEG DC Huffman table configuration 
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Hi 




1 || 0x03 




1 0x01 


2. 2 bit codes 




0x01 


3. 3 bit codes 




0x01 


1. 4 bit codes 


- 1 


0x01 


1. 5 bit codes 




OxCO | 


1. 6 bit codes 




OxCO j 


1 . 7 bit codes 




Oxoo : 



OxOO ; ,f configuring via trie MPI ratner tnan 



wun Tokens tnese vaiues ^ou:i se 



0x00 j wr,fl « n in to the dc.bits_0(15:0J registers. 



OxCO 



OxOO 



0x00 



0x00 



1 || OxOl 




0x02 




0x00 


■I 


0x03 




0x04 




0x05 




0x06 




0x07 


0 


0x08 



9 words carrying HUFFVAL information 

II configunng v, a the MPI ratner than with T 3 ken S these vaiuss wowe ie 
written into the <Jc_hufh/al_0(11:0) registers. 



ible A. 14. 10 MPEG DC Huffman 
table configuration (contd) 
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taOOj If configuring v, a me MP, , a .ner lha „ ^ Tokens ^ va)ues ^ ^ 



OxOO ! 

- 1 ,nt ° dc.bits.1 (15:01 registers. 



0x00 



0x00 



0x00 





0x00 


1 , 


0x01 


1. 


0x02 




0x03 


' 1 


0x04 




0x05 




0x06 




0x07 


0 


0x08 


1 


0x04 



9 wor a5 carrying HUFFVAL information 

■f configunng via tne MP, ramer than w,* ToKens these values would ,e 
written into the dc_huffvaLi(ii : o| registers. 



MPEG_DCH_TABLE 



0x00 I n . 

I Configure so taote 0 is used for component 0 



0xO5 



MPEG_DCH_TABLE 

° l| 0x01 j Configure $0 at}le , is ^ , 0f componen( 1 



0x06 



I! 



0x01 



MPEG_DCH_TABLE 
Con<iguf 8 M (a b i a , ^ , of eomoonent 2 



Table a.14.10 MPEG DC Huffman table configuration (contd) 
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£ 


[7:0] 


Token Name 


1 


0x15 


CODING.STANDARD 

2 = JP=G 


•I 


0x02 



Table A. 14,10 MPEG DC Huffman 
table configuration (contd) 



A . 14 . 4 . 4 MPEG Picture structure 

The macroblock construction defined for MPEG is the same 
as that used by H.261. The picture dimensions are encoded 
in the coded data. 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A. 14.3. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 
(see Table A. 14.5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
registers listed in Table A. 14.3 can* be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE , see A. 14.8, "Changes at 
the MPEG sequence layer' 1 . 



A. 14 . -frs^ JPEG 

Within baseline JPEG , there are a number of encoder 
options that significantly alter the complexity 
control software reauired to operate the decoder In 
o-eral. the Spatial Oecoder has been designed so that th- 

;rr support is Co::"," 

• Number of color components per frame is less 
than 5(N,<4) 
A. 14. 4. 6 jpeg Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
down loaded to the decoder. These tables are used when 
decoding the VLCs describing the coefficients. Two tables 

fir iriT d ^ SC3n deC ° ding ° C COe "i = ients and two 

for the AC coefficients. 

There are three diff erent types of Jp£G fUe> 
interchange format, an abbreviated format for compressed 
-age data, and an abbreviated format for table data m 

ZTT h *T therS 15 b ° th messed image 

data and a definition of all the tables (Huffman, 

Quantization etc.) required to decode the image data. The 
abbreviated i.age data format file omits tne table 
definitions. The a* brev i ated table format fUe 
contains the table definitions. 

The spatial Decoder will accept all three formats. 
However, abbreviated image data fi les can only be decoded 
if all the required tables have been defined. This 

definition can be done via either n f +u 

liner °f the other two JPEG 

file types, or alternatively the f sh i fle ,^ ,_ 

= tne tables could be set-up bv 

user software. 

If each scan uses a different set of Huffman tables, 
then the table definitions are placed (by the encoder, in 
the coded data before each scan Th»=~ 

, an ' These are automatically 

loaded by the Spatial Decoder for use dU rin„ ■ 

use during this and any 
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subsequent scans. 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
5 coefficients and run of 16 zero AC coefficients. The 

values for these special cases should be written into the 

appropriate registers, 

A. 14, 4. 6,1 Table selection 

The registers dc_huff_n and ac_hirff_n control which AC 
10 and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
— defined by the TDj and Taj fields of the scan header syntax. 

J3 A. 14. 4 .7 JPEG Picture structure 

g There are two distinct levels of baseline JPEG decoding 

ty 15 supported by the Spatial Decoder: up to 4 components per 

L 5 frame (N f <4) and greater than 4 components per frame (N f >4). 

p If N f >4 is used, the control software required becomes more 

f complex. 
S A.14.4.7.1 Kf<4 

H 20 The frame component specification parameters contained 

in the JPEG frame header configure the macroblock 

O construction registers (see Table A. 14.8) when they are 

decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 
2 5 components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A. 16.1. 
A. 14. 4. 7. 2 JPEG with more than 4 components 
30 The Spatial Decoder can decode JPEG files containing up 

to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 



only *llaw S a maximum of 4 components in any scan. 
A. 14. 4.8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG. 

JPEG limits minimum coding units so that they contain no 
more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_ n , max_h 
and max_v. 

MPEG is only defined for 4:2:0 macroblocks (see Table 
A. 14. 8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A. 14.5 video events and errors 

The Video Demux can generate two types of events: parser 
events and Huffman events. See A. 6. 3, "Interrupts", for a 
description of how to handle events and interrupts. 
A. 14. 5.1 Huffman events 

Huffman events -are generated by the Huffman decoder. 
The event which is indicated in huf f man_event and 
huffman_mask determines whether an interrupt is generated. 
If huffman_mask is set to 1, an interrupt will be generated 
and the Huffman decoder will halt. The register 
huffman_error_code[2:0] will hold a value indicating the 
cause of the event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 
automatically . 
A. 14. 5. 2 Parser events 

Parser events are generated by the Parser. The event is 
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indic« e * in parser_event . Thereafter, parser mask 
determines whether an interrupt is generated. if 
parser_mask is set to 1 . an interrupt will be generated and 
the Parser will halt. The register parser_error_code f 7 : o , 
will hold a value indicating the cause of event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically. 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. if the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error. 

If parser_mask was set to 0, the Parser will set its 
event bit, but will not generate an interrupt or halt, 
will continue operation and attempt to recover from the 
error automatically. 



It 



1 id 



j^^^^ huff man_error, code 




(2) 


[11 


(0] 


Oescnoaon 


0 


0 


0 


No error. This error should not occur iunrg 
normal ooeration. 


X 

• 


0 


1 


Failed to find terminal code m VLC within 15 
bits. 


I x | , 


0 Found senal data wnen Token exoec:ad i 


1 x 


l i Pound Token when senai data exa~;*? 


1 


X 


X 


Information describing more man S-t ; 
coefficients for a single clock was ieccce-i ' 
indicating a bitstream error. The block outcu: ay ' 
the Video Oemux will contain only 64 

i 

coefficients. 1 



Table A, 14 • ii Huffman error codes 



parser_error_code[7:0] 


| Description 


0x00 


ERRjMO.ERflOR 

No Parser error has occured. this event should not occur during normal cc-ai^r 


j -0x10- 

! 


ERR.EXTENSION.TOKEN 

An EXTENSION.D ATA Token has been detected by the Parser. Th e ieiec:ion 0 , 
this Token should preceed a DATA Token (hat contains the extension data. See a.: 4.5 

t 


Oxl t 


£RR_EXT£NSlON_0ATA 

Following the detection 0/ an EXTENSION.DATA Token, a DATA Token 
containing the extension data has been detedcted. See A. 14.6 


0x12 


SRR.USER.TOKEN 

A USER_DATA Token has been detected by the P^rs^r. The detection of nis Token 
should oreceed a DATA Token that contains the user data. See a.m.6 


I 0x13 

f - 

1 

i 


ERR_USER_OATA 

Following the detection of a USER_DATA Token, a DATA Token contatn.r.g T.e -.ser 
data has been detedcted. See A. 14.6 


0x20 


ERR.PSPARE 

H.261 PSARS information has been delected see A. 14.7 



Table A.! 4.1 2 Parser error codes (Sheet 1 of 5) 
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eRR.GSPARE 

H.26I GSARE information has been detected see a. 14.7 





0x22 


£RR_PTYPE " ' 

The value 0/ tne H.2SI s.cture type has chang-.. The re?si«r n_2Si.pic.rype can = 
msoected :o see what the new value is. 




I UXJU 


ERR,JPEG_PRA_V1E 

t 




0x31 


ERR_JPEG_P?-AME_LAST { 

i 




0x32 


ERR_JPEG_SCAN 


| t |L 5 




Picture size or Ns changed 


K 


0x33 


ERR_JPHG.SCAN_COMP 


•.if"? 
s 3 




Component Change ! 


fy 

0 


0x34 


ERR_ONL_MARKER 




0x40 


ERR_MPEG__SSailENCE 






One 0/ the parameters communicated in the MPEG sequence layer has charged. See 
A. 14.8 


r * 


0x41 


ERR_EXTRA_PICTURE 

MPEG extra Jn/ormation_picture has been delected see A. 14.7 




0x42 


ERR_EXTRA_SUCE 

MPEG extrajnformatton.siice has been detected see a. 1 4.7 


r 

i 


0x40 


ERR_VBV_OELAY 

The V8V_DELAY pa/ameter for the first picrure in a newMPZG video sequence has 
been detected by the Video Oemux. The new vaJue 0/ delay is available m jte register 
vbv_deiay. 

The firs; picture of a new sequence is defined as the first picture after a secuerce e^c. 
FLUSH or reset 




0x80 


ERR_SHORT_TOKEN 

An incorrectly formed Token has been detected. This error sncuid not occur rg 
normal operation. 



TabteA.14.12 Parser error codes (Sheet 2 of 5) 
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Cx92 



ERRJ3N_3ACKUP 

Ouring H-261 operation a grouo of blocks has Oeen encounter^ w.m a ;r 3l;c - ur rz*> 
less man mat expected. This is likely to indicate an error in the coded - a :a. 



ERR_GN_5KiP_GOB 

Ouring H.2S1 operation a group of blocks has been encounter-! with a g:-; —csr 
greater man that expected. This is likely to indicate an error in ne coded ca:a. 



OxAO 



ERR_NBASE_TA3 ~ 

Ounng JPEG operation there has been an attempt t0 down load a Huffman ucle mat * 
not supponed by baseline JPEG (baseline JPEG only supports :aoies 0 and i for 
entropy coding). 



OxA \ 



0xA2 



0xA3 



0xA4 



OxAS 



ERR.QUANT.PREOSION 

Ouring JPEG operation mere has been an attempt to down load a quamsa^n :acie 
is not supponed by baseline JPEG (baseline JPEG only support 3 bit rrec:*cn in 
quantisation tables). 



ERR_SAMPL£_PREClSlON 

Ouring JPEG operation mere has been an artempt (0 specify a sample prec^cn greater 
thanmai supported by baseline JPEG (baseline JPEG only sucpons 8 bit precision). 



ERR.NSASE.SCAN 

One or more of the JPEG scan header parameters Ss. S«. Ah and Al is set to a value no: 
supported by baseline JPEG (indicating spectral selection ant'cr success*-- 
approximation which are not supponed in baseline JPEG). 



ERR.UNEXPECTEO.ONL 

Ouring JPEG operation a ONL marker has been encountered in a scan ma; s rot :r.e 
first scan in a frame. 



ERR.EOS.UNEXPECTEO 

During JPEG operation an EOS ma/ker has Oeen encountered in an u-nexrecred =-ac 



Table A. 14. 12 Parser error codes (Sheet 3 of 5) 
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p « fS * r -«ttfl/_Spde(7:0] 


Oescnpuon 




0x>6 


ERR.RE3TART SKIP - 

i 

During j?=g oosranon a restan marVer has c« e n mewwea surer :n ,n an 
un e Toec:ea olace or the value ol the restar. marker , s ur.e« S ee:»s. -f a -es^ .^ a ,< e? s ' 
not found wn en one , s exoec:ed the Huffman event -Pou-.d serai ; a:2 , P .- -.,«„ 

eXDeCtff'** Will h# r>«n«rafaH 




0x30 


^Kl P IMTa A — — — 

Ounng MPEG ooeraticn a macro hinrk unm ■» m * ~i 

' ■ ° ni at*o o'ocx win a macro o'ock access ••"•cer-.e": -.'ova, 

uiLsif com Sfryi, 


X 5 


0x91 




*s 

y § 




Oufinc MP"G or Grafton a m ^>»r« wi _ . 

^ '° operauon. a macro block with a macro block ascVess -r.crerrer.t -rearer 






man 1 has been found wtnin an DC onry (D) picture. Th,s IS iiiecal a.~d rrccatiy 
indicates a bitstream error. 


fU 

Q 


0x82 


ERR SAD MARKrP 


s 




During MPEG operation, a manw bit did not have me expected vaiue. "h.s ,s zrzzzzi; 






indicates a bitstream error. 




0x83 


ERR_0_MBTYPE 


ru 

Q 




Ounng MPEG operation, within a OC only (D) p-cture. a macrcdock was :ccr* wo a • 


O 




maerotHock rype other man 1 . This is illegal and probably .nccaies a z^trearrx error. 




0x84 


ERR_0_MBEN0 

Ouring MPEG operation, within a DC only (D) picture, a macrcsiock was fcur.d with 0 m 
its end of macroblock bit. This is illegal and probably indicates a oisrream errcr. 




0x35 


ERR.SVP.9ACKUP 

Ounng MPEG operation, a slice has be«n encountered with a *ice vemcai rcsiscn ess 
than that expected. This is ttkHy to indicate an error in the coc-d data 


1 


0xB6 


SRR_SVP_SKlPj=!OWS 

Ourino MPEG ooeration a, siit-t* ha* hu n . , 

"» wwciauwd. <s sjicb nas oeen encountered with a s;:ce veccaJ res:." 

greater than that expected. This is likely to .ndcate an error in r.e coded ra:3. 




0x37 


ERR_FST_M8A_3ACKUP 

Ounng MPEG operation, a macroblock has been encountered ««n a mac." : :« 
address less than mat expected. This is likely to mdicate an ercr ,n the coc-c :a:a. 
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| Token Nama 


MPEG 




£RR_NO_ERROR 


✓ 


' 1 ' 


ERR.EXTENSION.TOKEN 


' 1 ' 1 


ERR.EXTENSION.OATA 


✓ 




ERRJJSER.TOKEN 


' 1 ' 1 1 


SRR.USER.OATA 


' 1 ' ! 


ERR_PSPARE 


I 1 ' i 


ERR.GSPARE 




i ' i 


ERR_PTYPE 






ERR_JP£G .FRAME 




' ! i 


ERR_JPEG.FRAME.LAST 




/ j 


ERR_JPEG_SCAN 




' i i 



TabJe A.14.13 Parser error codes and the different standards 



= ""_J>-i<J_5CAN_COMP 



£RR_ONL_MARKcR 
ERR.MPEG.SEQUENCE 



SRR_EXTRA_PICTUR£ 
ERK.EXTRa.SLICS 



SHR.VBV.OEUVY 



eRR_SHORT_TOKEN 




' 1 / 


=:^R.H2S1_PIC.EN0.UNEXPECTE0 j | I / I 


ERR_GN_3ACKUP 






HRR.GN.SKIP.GOB 




i ' ! 


ERR.N8ASE.TA8 




cRR_QUANT_PR£ClSION 




✓ ) 


ERR_SAMPLE.PREClSION 




' 1 1 


ERR.NBASE.SCAN 




' I i 


SRR.UNEXPECTED.DNL 


1 ' 1 1 


ERR^EOS, UNEXPECTED 






SRR.RESTART.SK1P 






1 


ERR.SKIPJNTRA y 


I i 


ERR_SKIP_OUSTTRA 


/ 


1 1 


ERR.BAO.MARKER / 


1 I 


ERR_D_MBTYPE 


/ 


! i 


ERR.O.MBEND 


/ 


1 1 


ErlR.SVP_BACKUP 


S 


1 1 


ERR_SVP.SKIP.ROWS 


/ 


I 1 


ERR.FST.M8A.8ACKUP / J j j 


SRR.FST_MBA.SKIP 


/ 


1 1 


£Hfl_PICTURE_£ND_UNEXPECTED 


/ 






SRR.TST.PROGRAM 


/ 


' 1 ' \ 


ERR.NO.PROGRAM 


/ 


' \ ' i 


ERR.7ST.ENO 


✓ 


' i ' i 


ERR.UCOOE.ADOfl 








ERR_NOTjMPU£MENTED 


' \ 




/ i 
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A. 14 . 
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' deceiving user and Extension data 

MPEG and JPEG use similar mechanisms to embed user and 

: :rr h ::r The data is p ™ ^ * •-«,«;u nd 

in such data. A ' 11 - 3 - 3) if the ^-ation has no interest 
A . 14 . 6 . i Identifying the source of the data 

The Parser events, ERR_EXTENSION TOKEN and 
ERR USER TOKEN , indicate i-h~ 

™_DATA Token xTJ^r^ 
have been generated by the start Code DetectQr( / n ' 
A.ll.3.3) they will carry the value of the start/marker 
code that caused the Start Code Detector to /marker 
Token (see Table A.li 4 ) Thi ! t0 the 

4) • Thls value can be read by 
«•»«,«,. ro m _rev ision register „ h . le servici * 

Parser interrupt. The vldeo De „ ux wm 

A I TT Pa " er - e -" *-«-3. "Interrupts",. 

A. 14. 6.2 Reading the data 

The EXTENSION_DATA and USEP..DATA Tokens ar e expected to 
be lmn e dl ate ly flowed by a DATA ToKen carrying t h e 
extension or user dat a . Xh e arrival ot t hi s oata Tok en „ 
the Video Demux will qeneratP fl1 >L " at 

generate either an ERR EXTENSION data 

o°A r T r T :::; u :r- b DATA parser — t - °° 

UrtlA -token can be read bv reari i n« 

.. hjl y r eadmg the rom revision register 

while servicing the interrupt. ~ agister 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. if this 
regi Ster holds the value Q remai thx. 

DATA Token win be consumed by the Video Demux and no 
events will be generated. if the continue 

event will be generated as each byte of ext«n,i ' 
. yLe or extension or user 

data arrives at the Video Demux. This ron.i 
data continues until the 

DATA Token is exhausted or continue is set to o 



NOTE": * 

DThe first byte of the extension/user data 

is always presented via the rom_revision 
register regardless of the state of 
continue . 

2) There is no event indicating that the last 
byte of extension/user data has been 
read . 

A. 14. 7 Receiving Extra Information 

H-261 and MPEG allow information extending the coding 
standard to be embedded within pictures and groups of 
blocks (H.261) or slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A. 14. 6). No start code precedes the 
data and, thus, it cannot be deleted by the Start Code 
Detector . 

During H.261 operation, the Parser events ER*_PSPARE and 
ERR_GSPARE indicate the detection of this information. The 
corresponding events during MPEG operation are 
ERR_EXTRA_PICTURE and ERR_EXTRA_SLICE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register, 
rom_revision. 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining extra 
information will be consumed by the Video Demux and no 
events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extra information 
arrives at the Video Demux. This continues until the extra 
information is exhausted or continue is set to 0. 
NOTE : 

DThe first byte of the extension/user data is 
always presented via the rom_revision 
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— - register regardless of the state of 
continue . 

2)There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14. 7.1 Generation of the FlELD_INFO Token 

During MPEG operation, if the register field_info is set 
to 1, the first byte of any extra_inf ormat ion_picture is 
placed in the FIELD_INFO Token. This behavior is not 
covered by the standardization activities of MPEG. Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to l, no Parser event will be 
generated for the first byte of extra_inf ormation_picture . 
However, events will be generated for any subsequent bytes 
of extra_information_picture. If there is only a single 
£ byte of extra_inforn,ation_picture, no Parser event will 

pj occur. 

D 
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A- 14. 8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
characteristic of the video about to be decoded: 

* horizontal and vertical size 

• pixel aspect ratio 

• picture rate 

* coded data rate 

25 video buffer verifier buffer size 

If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A, 14.8,1 Change in picture size 

If the picture size has changed, the user's software 
should read the values in horiz_pels and vert_pels and 
compute new values to be loaded into the registers 
horiz^ir.acroblocks and vert macroblocks . 
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SECTION A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 

There are three main units responsible for spatial 
decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients 
At the output (of the inverse DCT) DATA Tokens contain 8x3 " 
blocks of pixel information. 
A- 15.1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
of zeros between the coefficients that are represented. 
The inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coef f icients . 

The inverse modelling process is the same regardless of 
the coding standard currently being used. No configuration 

is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
any of the picture coding standards. 
A. IS. 2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
In a decoder, the function of the inverse quantizer is to 
multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A. 15.2.1 overview of the standard quantization schemes 

There are significant differences in the quantization 
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To 



10 



15 



schen,^ by each of the different CQding standards ^ 

obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 

The register iq_coding_standard configures the operation 
of the inverse quantizer to meet the requirements of the 
different standards. m normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token. See section A. 21.1 for more information about coding 
standard configuration. 

The main difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 
operations required (rounding etc.), which are not 
described here. 

A-15.2.1. 1 H.261 lo overview 

In H.261, a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 
periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. 15.2.1.2 JPEG IP overviw 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
contained in the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A. is. 2. 1. 3 MPEG 10 overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG, 4 quantization tables, each with 64 entries, can 
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A. 15 2 and Table A . 15 . 3 ,. These default nust ^ 

: r ' t M ln " the 1«nti*.tlo„ table ne-ory of tne Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables 
One 1S for use with intra data and the other with non-intra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output from the tables is modified by a scale 
factor. 

A. is. 2. 2 Inverse quantizer registers 







* 




Register name 


i 


el Slal 


Description 




CO 


« 












iq_access 


1 


0 


This access bit stops tne operation of trie inverse quantiser so mat ;a 




rw 




various registers can be accessed re'iabiy. See A 6 4 1 


iq_coding_standard 


2 


0 


This register configures ;ne coding sianda/a used by the inverse 

i 




rw 




quantiser. The tester can be loaded directly or by a 








CODING.STANDARO Token. See A.21.1 


iq_*eyhole_address 


8 


X 


Keynote access to tne wnicn noids tre a Quantiser cables. See A. 5. 4 3 




rw 




'or more information about accessing registers tnrcu^n a 


iq_keyhoie_data 


8 


X 


keyhote. 




rw 







Table A. 15.1 inverse quantizer registers 



328 



r- 5 

I =JS> 
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ir '^present invention, the iq_ a ccess register must be 
set before the quantization table memory can be accessed 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to o. 
A. 15.2.3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the CODING_STANDARD Token. 

For H.261 operation, the quantizer tables are not used 
No special configuration is required. For JPEG operation 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15. 2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data ) 
Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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a 


16 


27 


32 


1 


16 


17 


27 


33 


2 


16 


IS 


25 


34 


3 


19 


19 


26 


35 


4 


16 


20 


25 


36 


5 


19 


21 


25 


37 


S 


22 


22 


27 


38 


7 


22 


23 


27 


39 


8 


22 


24 


27 


40 


9 


22 


25 


29 


41 


10 


22 


26 


29 


42 


11 


22 


27 


29 


43 


12 


26 


28 


34 


44 


13 


24 


29 


34 


45 


14 


26 


30 


34 


46 


15 


27 


31 


29 


47 



29 

29 

27 

27 

29 

29 

32 

32 

34 

34 

37 

38 

37 

35 

35 

34 



48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

S6 

59 

60 

61 

62 

63 



35 

33 

38 

40 

40 

40 

48 

48 

46 

46 

56 

55 

53 
69 
59 
83 



Table A. 15,2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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16 


16 


16 


32 


1 16 


48 


1 1 
16 1 
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16 


17 


16 


33 


15 


49 


1 
1 
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2 


16 


IS 


16 


34 


16 


50 


:S j 


J 


16 


19 


16 


35 


16 


51 


I 

! :6 ? 


4 


16 


20 


16 


36 


i 

! 15 


52 


i : 

; ■ 3 


5 


1.6 


21 


16 


37 


16 


53 
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1 :5 
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16 


22 


16 


38 


16 


54 


1 ; 

i ;3 ! 


7 


16 


23 


15 


39 


16 


£5 


1 f 

15 


a 


16 


24 


16 


40 


16 


56 


15 


9 


16 


25 


16 


41 


16 


57 


i 

:S 1 


10 


16 


26 


16 


42 


16 


58 


l 

IS 1 


i 1 


16 


27 


16 


43 


16 




J 
1 

15 ! 


12 


16 


28 


16 


44 


16 


60 


15 | 


13 


16 


29 


16 


45 


15 


61 


'5 I 


14 


16 


30 


16 


46 


16 


62 


15 


15 


16 


31 


16 


47 


16 


- 1 


15 



Table A.15.3 Default MPEG table for non-intra coded blocks 
A. 15.2. 4 configuring tables from Tokens 

As an alternative to configuring the inverse quantizer 
tables via the MPI , they can be initialized by Tokens 
These Tokens can be supplied via either the coded data port 

or- the MPI . 

The QUANT_TABLE Token is described in Table A. 3. 2 It 
has a two bit field tt which specifies which of the 4 (0 to 
3) table locations is defined by the Token. For MPEG 
operation, the default definitions of tables 0 and 1 need 
to be loaded. 

A. 15.2.5 quantization table values 

For both JPEG and MPEG, the quantization table entries 
are 3 bit numbers. The values 255 to i are legal. The 
value o is illegal. 

A. 15. 2. 6 Number ordering of quantization tables 
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The^uentization table values are used in "zig-zag" scan 
order (see the coding standards) . The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 3X3 array) . The table entries at lower addresses 
correspond to the lower frequency DCT coefficients. 

When quantization table values are carried by a 
QUANT_TABLE Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 
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nverse quantizer test regist 



ers 




iq__component 



lq_mp«g_jndirection 



2 
rw 



™* ,89iSter n0idS bit component i 0 taxen from ,,e mM1 ..^ 

DATA Token head. This value is invoived in the seleoon of s,, 
quannser table. 

The register w,m also hoJd the cable 10 after a GUANT_TABLE To ken 
arnves to load tne table. 




rw 



Bits 1:0 speofy (he table number mat w.,1 be sued with component c 
Bits 3:2 soecify me table number mat will be sued with componen, , 
Bits 5:4 specify the table number that will be sued with component 2 
Bits 7:6 specify the table number that will be sued wth component 3 
This register is loaded by JPEG_TABLE_SELECT Tokens. 



This two bit renter records wne<r.e, , 0 use default or down loacea 

quantisation tables with the intra and non-int/a data. 

A 0 in tne bit position indicates that the default table shou.d 5e used, a 

indicates that a down loaded table should be used. 

Bit 0 refers to intra data. 8ft i refers to non-,ntra data. This r e=IS ;er * 

normally loaded by tne Token MPEG_TABLE SELECT 



Table A. 15.4 Inverse quantiser test registers 



10 
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A- 15. 3-. inverse Discrete cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification Pli 80 and 
complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No 
configuration by the user is required. 

There are two events associated with the inverse 
discrete transform processor. 




idct_too_few_mask 



ldct_too_many_maslc 



The Inverse OCT regies that a,. DATA Tokens C on< a ,n exac-y ^ 
values. If less * an 54 values are /our* then me too-few even, 
generated. If the mask register is sei to 1 then ah .merruot can 3S 
generated and the inverse OCT will halt 

This event should only occur following an error in the coded data. 
The Inverse OCT recu.res that all DATA Tokens contain exactly 64 
values. If more than 64 values are found then the too-many event w,.i S e 
generated. If (he mask register is set to t then an interrupt can be 
generated and the inverse OCT win halt. 

This event should only occur following an error in the coded data. 



Table A.1S.S Inverse OCT event registers 

For a better understanding of the OCT and inverse OCT 



function the reader can examin 



15 



standards 



e any of the picture codi 



ing 
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SECTION a.16 Connecting to the output of Spatial 
Decoder 

oor? - -i°rr h of the spaciai ° ecoder is * stand - d — 

'7 9 Wlde data Section A . 4 for more 

information about the electrical behavior of the interface 

The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and H.261 both require the use of the 
Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
which are most useful when designing circuits to display 
that output. other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 

How the start and end of sequences can 
be identified. 
• How the start and end of pictures can be 
identified. 

How to identify when to display the picture. 
How to identify where in the display the 
picture data should be placed. 



• 



A.ic.i Structure of JPEG pictures 

This section provides an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

5 JPEG provides a variety of mechanisms for encoding 

individual pictures, JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 
10 invention, supports JPEG's baseline sequential mode of 
operation. There are three main levels in the syntax: 
P Image, Frame and Scan, A sequential image only contains a 

J3 single frame. A frame can contain between 1 and 256 

pi different image (color) components. These image components 

C 3 15 can be grouped, in a variety of ways, into scans. Each 

scan can contain between 1 and 4 image components (see 
p Figure 81 "Overview of JPEG baseline sequential 

* structure") . 

Q If a scan contains a single image component, it is non- 

\f* 20 interleaved, if it contains more than one image component, 

~ it is an interleaved scan. A frame can contain a mixture 

Q of interleaved and non-interleaved scans. The number of 

scans that a frame can contain is determined by the 2 56 
limit on the number of image components that a frame can 
2 5 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. In a non-interleaved scan, the 
30 MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 



decoded. However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded . 

A. 16.2 Token sequence 

The JPEG markers codes are converted to an analogous 
MPEG named Token by the Start Code Detector (see Table 
A-ll.4, see Fig. 82 "Tokenized JPEG picture"). 
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SECTieiV a.17 Temporal Decoder. 

• 30 MH, operation 

Provides temporal decoding for MPEG & H.261 video decoders 
"H.261 CIF and QCIF formats 
MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Can re-order the MPEG picture sequence 
Glue-less DRAM interface 
Single +5V supply 
203 pin PQFP package 
Max. power dissipation 2 . 5W 
Uses standard page mode DRAM 
The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g., 512 k x 3) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
k x 16) the 704 x 480, 30H 2/ 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG). if included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 
pictures through to its output. 

Note: The above values are merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. it will be 
appreciated that other values and ranges may also be used 
without departing from, the invention. 
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A. 1 



7 -*"~ Temporal Decoder si 



gnala 



j Signal Name 


i/O 


Pin Numoer 


in_-ata(3:0I 


l 


173. 172. 171. 169. 163. 167. 165. 164. 
163 


in_ex;n 


1 


174 j 


invalid 


1 


162 J 



»n_accept 



161 



125 



addr(7:0] 



137. 136. 135. 133. 132, 131. 130. 123 



data(7:0] 



152. 151. U9. 147. 145. 1<3. 141. 



140 



irq 

DRAM_data(31:0] 



O 
I/O 



154 



ORAM.addr(l0:0] 



incut Pon. T>ns ^ a siancar: :*o *.r 9 
interface ncr^a;i y ccnnecrsc :o *e 
Otrout Pon of :ne Soana; Cecrcer 
See sections a. 4 ar5 
A.18.1 

Micro Processor interface . vp»*. 
See A. 6.1 on -age 39. 



15. 17. 19. 20. 22. 25. 27, 30, 31. 33, 35. 
38. 39. 42. 44. 47. 49. 57. 59. 61. S3. 66. 
68. 70. 72. 74. 76. 79. 81. 83. 84. 85 



184. 186. 188. 189. 192. 193. 195. 197, 
199. 200. 203 



ORAM Interface. 



See section A.5.2 



z n s 

ry 


| AaS 


O 


11 






CAS(3:0) 


O 


2, 4, 6. 8 








O 


1 2 






.BE 


O 


204 






ORAM.enacle 


\ 


112 






out_data(7:0| 


O 


89. 90, 92. 93. 94. 95. 97, 98 


Outout Port. This is a s:arca/a r«o *»re 




out.txin 


O 


87 


interface. 




out.vaiid 


O 


99 




out. accept 


1 


100 


See sections A. 4 ar.c a. i 3 




tCK - 


1 


115 


JTAG port. 




tdi | 


116 


See secoon A.9 




too 


O 


120 




tms 




117 






trs< 


1 


121 






decooer_cloc* 


1 


177 


The mam oecccer clocK. >ee 
Table A.7.2 




reset 


1 160 


Reset 



Table A.17.1 Temporal Decoder signals 




s 




Table A.17.2 Temporal Decoder Test signals 
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J test cm 


179 


enaote(0| 


127 


nc 


75 


J vco 


23 


| test cm 


178 


enaoie(1] 


126 


0RAM.cata(6I 


74 




22 


1 decoder clock 


177 


I- 


125 


voo 


73 


r.c 


21 


L: 

GNO 


176 
175 


GNO 
test pin 


124 
123 


0RAW_data{7] 
nc 


72 
71 


| ORA,\H_c*ata(22i 
| CrU\l_cataf29! 


20 

'•9 ; 




174 


test pin 


122 


0RAM_3ata(8J 


70 


j GNO 


18 


■n_3ata[8] 


173 


trst 


121 


GNO 


69 


CoAM_cata(30 


17 . 




172 


tdo 


120 


0RAM_data(9] 


66 


r.c 


15 ! 


in_data(6i 


171 


nc 


119 


nc 


67 


J OrU.vi_cata(3:| 


15 ■ 


VOO 


170 


voo 


118 


ORAM_(jata|iO| 


56 


1 voo 


M j 


. <n_data(51 


169 


sm* 


117 


voo 


65 


nc 


13 


; in.data(4] 


163 


tdi 


116 


nc 


54 


Wz 


12 


1 «n,cata(3| 


167 


tck 


115 


ORAM_aata(n] 


63 


nA5 1 1 


j 'n.cata(2J 


166 


(est pin 


114 


nc 


62 


nc 




j GNO 


165 


GNO 


113 


ORAM_rata{i2] 


6, 


GNO 


9 


■n_<2ata(ij 


154 


ORAM_enao(e 


112 


GNO 


60 


£a5[0| 


a 


: ".caia(OJ 


163 


test pin 


111 


ORAM_oata(i3| 




nc 






162 


test pin 


110 


nc 


53 


Ca5{i| 


5 


'".acceot 


161 


test pin 


109 


0RAAH,(iaU(14) 


57 


VCO 5 



Table A.17.3 Temporal Decoder Pin Assignments (contd) 



le A. 17. 3 Temporal Decoder Pin 
Assignments (contd) 



A. 17.1.1 -nc" no connect pins 

The pins labelled nc in Table A. 17. 3 are not currently 
used in the present invention and are reserved for futu 



re 



products. These pins should be left unconnected. They 
should not be connected to V UD , G ND, each other or any 
other signal. 

A. 17. 1.2 v DD and GND pins 

As will be appreciated all the V DD and GND pins provided 
must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used. 

A. 17. 1.3 Test pin connections for normal operation 

Nine pins on the Temporal Decoder are reserved for 
internal test use. 





Pin number 


| Connection j 






Connect to GNO for normal ooeraoon 1 




Connect to V 00 f or normal ooeraoon j 




Leave Ooen Circuit tor normal ooeraoon j 



Table A. 17. 4 Default test P i„ connect 



xons 
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A.17.jfr4^ JXAG ping fQr normal op ^ ration 

See Section A. 8 . 1 . 




Table A. 17.5 Overview of Temporal Decoder 

memory map 



Ada. 


Bit 






(hex) 


num. 


Register Name 


Page references 


0x00 


7 


| cftip^event j 




6:2 


not used i l 

1 1 




1 


cnip_stopp«d_ev«nt j j 




0 


count_error_«v«nt j 


0x01 


7 


cnip_mask | i 




6:2 


not used i i 




1 


cnip_stopp«d_m«k j ; 




0 


count_error_mask j 



%a±e a. 17 ,6 Interrupt service ar 



ea registers 
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I 5 



Adcr. 
(hex) 


3.t 
num. 


Register Name 


1 

Page references J 


0x06 j 




not used j j 


0 


cftip_acc«s$ 





Table A. 17. 7 chip access register 




Table A. 17. 8 Picture sequencing 
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: H I 

5 



1U 

□ 



Adcr. 


Sit 






(hex) 


num. 


Register Name 


1 

1 ?a-e references 
1 


0x20 


7:5 


not used 


1 




I 4:0 
f 


| P»g«_startJ«ngtn{4:0J 


i l 


0x21 


1 7:4 


not used i 

1 ' ! 




3:0 


read_cyciej«ngtn(3:0] j j 


0x22 


7:4 


not used j 

! i 




3:0 


wnte_cyclej«ngtn(3:0) | j 


Cx23 


7:4 


not used j i 
1 j 




3:0 


refresh_cyclej€ngtn(3:0] I 


0x24 


7:4 


not used 






3:0 


CAS_fiMng[3:0J j 


0x25 


7:4 


not used 

■ i 




3:0 


RASJalling(3:0] j 


0x26 


7:1 


not used 


i 
i 




0 


lnt«rface_tJming_access 




0x27 


7:0 


not used 


i 


0x28 


7:6 


RAS_strengtft(2:01 


i 




5:3 


OEWE_strengm(3:0] j 




2:0 


ORAM_data_strengtn(3:0] j J 


0x29 


7 


not used | , 




6:4 


DRAM_addr_str«ngtn(3:0) 




z, | 


CAS.strengtli(3:0] | 


i 




• I 


RAS_strengtft(3] j 





Table A. 17. 9 DRAM interface configuration registers 
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(hex) 


8rt 
num. 


Register Name 


Page refererces 


0x23 


7 


not used j 






6:4 


| DRAM_addr_strengtn(3:0] | 






3:1 


CAS_strength(3:0J j ; 




Q 


RAS_strengin(3] f i 


Cx29 


1 7-6 


1 RAS_strengtn(2:0] j 


t 




j.j 


| OEWE_strengtn(3:0J ; 








ORAM_data_strengxn(3:0] ; 








refresnjnterval f 


i 


nvoa I 




not used | 


i 




7.6 | 


not used j 


I 




5 


ORAM.enaole i j 

— !_ 1 




4 


no_refresh i 

. ! i 




3:2 


row_address_bits(1:0] j | 




1:0 


DRAM_data_widtft(l:0] j I 


0x20 


7:0 


not used j 


0x2E 


7:0 


Test registers j 



le A. 17. 9 ORAM interface configuration 
registers (contd) 



Addr. 


Bit 










Register Name 


Page references 


(hex) 


num. 




0x40 


7:0 


not used I 

i t 
i 

j ; 


0X41 


72 


1:0 


picture_ou«er_0(17:0J j ! 

i 

j ; 


1 0x42 


7:0 


0x43 


7:0 


Che 44 


7:0 


not used 




0x45 


72 


1:0 


picture Duffer 1(17:0] 




0x46 


7:0 


I 


0x47 


7:0 



Table A.I 7.10 Butter configuration registers 




Gx40 


7:1 






0 


component_oftset_1(i6:0] 






7:0 






Ox4F 


7:0 


1 




0x50 


7:0 


not used " 




0x51 


7:1 




1 




0 


compon«nt_otfs«!_2(16;OJ 




0x52 


7:0 




0x53 


7:0 


A i 7 * r\ « . .i^- _ « " 





Addr. 
(hex) 


Sit 
num. 


Register Name 


Page references 


0x2E 


7... 4 
3...0 


PLL resistors 




0x60 


7... 6 


not us#d 


5.. ,4 


codlng_standard(l:0] j 


3... 2 


picture_rype[1;0J 


1 


H261_fi!t j 


0 


H261.SJ | 


0x61 


7... 6 


componenrid | j 


5 ... 4 


prediction_mode j 




3 ... 0 


max _ sampling i 


0x62 j 7 ... 0 samo.h i j 


0x63 


7... 0 samo.v j j 



Table A.17.11 Test registers 




Addr. 
(hex) 


Bit 
num. 


Register Name 


i 

Page references = 

i 


0x64 7...0 


| bacx.n | ; 


0x65 


7 ...0 






0x66 


7 ...0 


back_v 


i 


0x67 


7...0 


! 


0x68 


7 ... 0 


forw_n 


i 

i 


0x59 


7 ...0 


t 
i 


OxSA 


7 ...0 


forw_v 




OxSS 


7 ...0 


i 


Ox6C 


7 ...0 


widtT»_tn_mo 


i 
t 


0x60 


7 ... 0 


! 



Table A. 17.11 Test registers (contd) 



e A, 17, ii Test registers (contd) 
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SECTION A.18 Temporal Decoder Operation 
A . 18 . 1 Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A. 4 for 
more information about the electrical behavior of this 
interface* 

A. 18 • 2 Automatic configuration 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder. 



Token 


Configuration performed 


COO I NONSTANDARD 


The coding standard of the Temporal 
Decoder is automatically configured by the 
CODING_STANDAJU> Token. This is generated 
by the Spatial Decoder each time a new 
sequence is started. See Figure 58 


DEFINE SAMPLING 


The horizontal and vertical chroma 
sampling information for each of the color 
components is automatically configured by 
DBF I NE_SAKPL I NO Tokens. 


HORI 20NTAL_KB8 


The horizontal width of pictures in macro 
blocks is automatically configured by 
HORI JOKTAL_KB8 Token. 



Table A. 18.1 Configuration of Temporal 
Decoder via Tokens 
A. 18. 3 Manual configuration 

The user must configure (via the microprocessor 
interface) application dependent factors. 



A, 18. 3=^1^ When to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing i to the 
chip_access register. After configuration is complete 0 
should be written to chip_access. 

See Section A. 5. 3 for details of when to configure the 
DRAW interface. 



A. 18.3.2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG). see Section A. 5, "DRAM Interface". 
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count_error_mask 



pic;ure_ouffer_0 



MPEG.reorcertng 



i ; 

cnip_stoopea_event 


l 

rw 


0 


cfnp_stopp«d_mask 


1 


0 




rw 




count_error_event 


1 


0 




rw 





18 



pic:ure_cuffer_l 


18 


X 




rw 




compon«nt_otts«t_0 


17 


X 




rw 




component_otfset_i 


17 


X 




rw 




component_otfset_2 


17 


X 




rw 





Wncng i io cmp.jectss 'ecuests tr.at t -. e 'e.-.^rai Cec ; ^77 a .t 
cceraoon to allow re^cnfiguraacn. 7>. e 7err:c.- 2 ! Cecoca- *.n 
csnsnue operating normally until if reacr.es :r s ervd zi - .»o- 
v-deo sequence. After resets removed chio,access, ; ,. : , e 
Temporal Oecoder is Ma/ted. 

When tne chip stops a chip stopped event w.ji occur. :.' 
chip.stopped.mask , 1 an interrup t w,» =e generated. 
The Temporal Decoder has an adder that aces wcic*™ :o er::r . ! 
data. If there is a difference Pecween the numcer of err9 , * M 3y . es 
and the number 0 f predion data bytes then a ccune er.-;, .vent :s 
generated. 

" count.error.mask * 1 an mierruot will be generate- i~ 
prediction forming will scop. 

This event should only a/ise following a hardware error. 



These specify me base addresses for the p.cr.ve buffers. 



These specify the offset from ;n e picture Puffer po.nter a: *r, C n 
each of trie colour components .s stored. Data with corrrc.-en; :c = 
n is stored starring at r,e position Seated by 
component.oftset.n. See A.3.S. i , 'Component k-emfcarrn 



number* 



I 

rw 



Settng t:\is register to 1 manes me Temporal Cecccer cra.-;e : 
Pierre order from the non<ausal MPEG p.c:ur- sec-en: e :r 
correct display order oy the. See A. 1 8.3.5 
This register should is ignored during JPEG and H.25 1 



Table A.18.2 Temporal Decoder registers 
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20 



25 



30 
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A. 18. 3=^3, Numbers in picture buffer registers 

The picture buffer pointers (13 bit) and the component 
offset (17 bit) registers specify a block (8x8 bytes) 
address, not a byte address. 
A. 18.3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or 
MPEG) the Temporal Decoder must manage two picture buffers 
See Section A. 18.4 and A. 18.4.4 for more information about' 
how these buffers are used. 

The user must ensure that there is sufficient memory 
above each of the picture buffer pointers ( picture_buf f er_0 
and picture_buffer_l) to store a single picture of the 
required video format (without overlapping with the other 
picture buffer) . Normally, one of the picture buffer 
pointers will be set to 0 (i.e., the bottom of memory) and 
the other will be set to point to the middle of the memory 
space . 

A. 18. 3. 4.1 Normal configurat ion for MPEG or H . ? < i 

H.2S1 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the 
chrominance components) . 

As documented in Section A. 3. 5.1, "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 

An example configuration of the component offset 
registers is to set component_of f set_0 to 0 so that 
component 0 starts at the picture buffer pointer. 
Similarly, component_of f set_l could be set to 4/6 of the 
picture buffer size and component_of fset_2 could be set to 
5/6 of the picture buffer size. 
A.18.3.S Picture sequence re-ordering 

MPEG uses three different picture types: Intra (I), 



Predicted (P) and Bidirectionally interpolated (B) . B 
pictures are based on predictions from two pictures: one 
from the future and one from the past. The picture order 
is modified at the encoder so that I and P picture can be 
decoded from the coded date before they are required to 
decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can 
provide this picture re-ordering (by setting register 
MPEG_reordering = 1) . Alternatively, the user may wish to 
implement the picture re-ordering as part of his display 
interface function. Configuring the Temporal Decoder to 
provide picture re-ordering may reduce the video resolution 
that can be decoded , see Section A. 18.5. 
A. 18. 4 Prediction forming 

The prediction forming requirements of H.261 decoding 
and MPEG decoding are quite different. The CODING_STANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 
standards . 

A* 18.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A. 18. 4.2 H.261 Operation 

In H.261, predictions are only from the picture just 
decoded. Motion vectors are only specified to integer 
pixel accuracy. The encoder can specify that a low pass 
filter be applied to the result of any prediction. 

As each picture is decoded, it is written in to a 
picture buffer in the off-chip DRAM so that it can be used 
in decoding the next picture. Decoded pictures appear at 
the output of the Temporal Decoder as they are written into 
the off-chip DRAM. 

For full details of prediction, and the arithmetic 



operations involved, the reader is directed to the H.261 
standard. The Temporal Decoder of the present invention it 
fully compliant with the requirements of H.261. 
A. 18. 4. 3 MPEG Operation (without re-ordering) 

The operation of the Temporal Decoder changes for each 
of the three different MPEG picture types (I, p and B) . 

"I" pictures require no further decoding by the Temporal 
Decoder, but must be stored in a picture buffer (frame 
store) for later use in decoding P and B pictures. 

Decoding P pictures requires forming predictions from a 
previously decoded P or I picture. The decoded P picture 
is stored in a picture buffer for use in decoding P and B 
pictures. MPEG allows motion vectors specified to half 
pixel accuracy. On-chip filters provide interpolation to 
support this half pixel accuracy. 

B pictures can require predictions from both of the. 
picture buffers. As with P pictures, half pixel motion 
vector resolution accuracy requires on chip interpolation 
of the picture information. B pictures are not stored in 
the off -chip buffers. They are merely transient. 

All pictures appear at the output port of the Temporal 
Decoder as they are decoded. So, the picture sequence will 
be the same as that in the coded MPEG data (see the upper 
part of Figure 85) . 

For full details of prediction, and the arithmetic 
operations involved, the reader is directed to the proposed 
MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 
A. 18 • 4 • 4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re- 
ordering (MPEG_reordering = 1) , the prediction forming 
operations are as described above in Section A. 18.4. 3. 
However, additional data transfers are performed to re- 
order the picture sequence. 
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fU 

i — 3 



O 



10 



15 



B P*ct3ore decoding is as described in section A. 18.4 3 
However, 1 and P pictures are not output as they are 
decoded. instead, they are written into the off-chip 
buffers (as previously described) and are read out only 
when a subsequent I or P picture arrives for decoding. 

A. 18. 4. 4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the 
subsequent P (or I) picture starts to decode. This should 
be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

A. 18. 4. 4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I 
pictures to flush previous pictures out of its off-chip 
buffers (frame stores). This has consequences at the end 
of video sequences and when starting new video sequences. 
The Spatial Decoder provides facilities to create a "fake" 
I/P picture at the end of a video sequence to flush out the 
last P (or I) picture. However, this "fake" picture will 
be flushed out when a subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this 
"fake" picture. This may be useful where it is known that 
a new video sequence will be supplied to the decoder 
immediately after an old sequence is finished. The first 
picture in this new sequence will flush out the last 
2 5 picture of the previous sequence. 
A. 18. 5 Video resolution 

The video resolution that the Temporal Decoder can 
support when decoding MPEG is limited by the memory 
bandwidth of its DRAM interface. For MPEG, two cases need 
30 to be considered: with and without MPEG picture re- 
ordering . 

Sections A. 18.5.2 and A. 18.5.3 discuss the worst case 
requirements required by the current draft of the MPEG 
specification. Subsets of MPEG can be envisioned that have 
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rn 



i 



10 



15 



20 



low " r< *—»ry bandwidth requirement.. r,r „„.,. 

only integer resolution motion vectors " 27 """" 
not usin, B pictures. s ig n ifi c a ntl y Lie HTlT^ ' 
recrements. S ucn subsets .^.^ 

A- 18. s.i Characteristics of dram interface 

The number of cvcle^ *. 
DRAM i„t * transfer data across the 

DRAM interface depends on a number of factors- 

The timing configuration of the DRAM interface 
to suite the DRAM employed 
The data bus width (8, 16 or 32 bits) 
The type of data transfer: 

• 8x8 block read or write 

■ for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

about'tr? 00 A ' 5 ' Int - fa «"< ^ more information 

about the detail configuration of the DRAM interface 

Table A. 18. 3 shows how many DRAM interface "cycles" are 
required for each type of data transfer. 



Oata ous width 
(bits) 


read or wnte 8x8 
block 


form prediction (half 
pixel accuracy) 


| form credic:;cn 
(integer pixel 
accuracy) 


a 


1 page address + 64 

transfers 


4 page address* 81 
transfers 


4 page adaress - 64 
transfers ) 


16 


1 page address + 32 
transfers 


4 page address + 45 
transfers 


4 page adcress - 40 j 
transfers J 


32 


1 page address * 1 6 
transfers 


4 page address * 27 
transfers 


4 page address * 24 
transfers 


Table A.18.3 Data transfer times for Temporal Decoder 
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Tab** -A. is. 4 takes the figures in Table A. 18. 3 and 
evaluates them for a "typical" DRAM . m this example, a 27 
MHz clock is assumed. it will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The 
access start takes n ticks (102ns). and the data transfer 
takes 6 ticks (56 ns) . 

A. 18. 5. 2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B 
pictures. in a "worst case" scenario, the B frame may be 
formed from predictions from both the picture buffers with 
all predictions being to half pixel accuracy. 









form prediction 


Oata bus widtfi 


read or write 6x8 


form prediction (half 


(integer oixel 




block 


pixel accuracy) 


accuracy) 


i 


3657 n S 


4907 ns 


3963 ns 


16 


1860 ns 


2907 ns j 


2135 ns 


» I 


991 ns 


1907 ns | 


1741 ns ; 

i 



Table A. 18. 4 Illustration with "typical" DRAM 
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Using the example figures from Table A. 18.4, it can be 
seen that it • ' take the DRAM interface 3815 ns to read 
the data requi^-. for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution 
that the Temporal Decoder can support is determined by the 
number of Tik.^e predictions that can be performed within 
one picture time. In this example, the Temporal Decoder 
can pro;.;-s 8737 8x8 blocks in a single 33 ms picture 
period (e g., for 30 Hz video). 
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If the* required video format is 704 x 480, then each 
picture contains 7920 8x8 blocks (taking into 
consideration the 4:2:0 chroma sampling). It can be seen 
that this video format consumes approx. 91% of the 
available DRAM interface bandwidth (before any other 
factors such as DRAM refresh are taken into consideration) . 
Accordingly, the Temporal Decoder can support this video 
format . 

A • 18 .5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case 
scenario is encountered while P pictures are being decoded. 
During this time, there are 3 loads on the DRAM interface: 

• form predictions 

■ write back the result - 

■ read out the previous P or I picture 

Using the example figures from Table A. 18. 3, we can find 
the time it takes for each of these tasks when a 32 bit 
wide interface is available. Forming the prediction takes 
1907 ns/n while the read and the write each take 991 ns, a 
total of 3839 ns. This permits the Temporal Decoder to 
process 3435 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 430 video will use approximately 
93% of the available memory bandwidth (ignoring refresh) . 
A. 18.5-4 H.261 

H.261 only supports two picture formats CIF (352 x 233) 
and QCIF (172 x 144) at picture rates up to 30 Hz. A CIF 
picture contains 237G 8x8 blocks. The only memory 
operations required are the writing of 8 x 8 blocks and the 
forming of predictions with integer accuracy motion 
vectors . 

Using the example figures from Table A. 18.4 for an 8 bit 
wide memory interface, it can be seen that writing each 
block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per 
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block. therefore, the processing ti me for a single CIp 
picture is about 18 m5i comfQrtab less th T* 2 CI J s 
required to support 30 Hz video. 
A . 18 . 5 . 5 JPEG 

5 m^k reS ° 1Utlon ° f J "= "video" that can be supported 

be determined by che c _ p _ biliti . s of th> 

Decoder of the invention or the dispiay interface. The 
Temporal Decoder does not affect JPEG resolution 
A.18.« Events and Errors 
10 a. 18. 6.1 chip stopped 

I" the present invention, writing ! to chip access 

;i , :::; s thatthe ^ o Psr ^ on to ,n» 

re-confiourat^n. Once received, the Temporal Decoder will 
continue operating normaUy until it reaches the end of the 

i z ::::i:: de ° sequence - Thereafter ' ^ °— 

jj When the chip halts, a chip stopped event win occur 

It Chip stopped macif-i ^„ • . 

P - PP^-^sk-l, an interrupt will be generated. 

A* 18. 6.2 Count Prrni- 



20 



25 



30 



A, is. 6.2 Count Error 

The Temporal Decoder, of the present invention contains 
•n adder that adds predictions to error data. x/ tTe.e Ts 
a difference between the number of error data bytes and the 
number of prediction data bytes, then a count error event 
is generated. event 

"™ Unt - m ™°'-""< " 1 a " int ««P* -"1 ^ generated 
and forming prediction win stop. 

writing _ to count_.rror_.wnt' clears the event and 

that !_ d Te " POral ° eCOder to P "« ed - «» DATA M S „ 

tnat caused the er-Knr- r 7 . i 1 4. . 

Token th- ! Proceed. However, the DATA 

iOKen that caused the error- _,i 1 i _. 

une error will not be of the correct 

length (64 bytes,. This is llk . ly to cause further 
prob. ThuSf a cQunt error shQuid ^ ise 

significant hardware error has occurred. 
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SECTFQIV A. 19 Connecting to the output of the 
Temporal Decoder 

The output of the Temporal Decoder i, a standard Token 
_ Port w.th 8 bit wide data words . see Section aa «" 

o information about the electrical behavior of the interface 
The Tokens present at the output of the Temporal Decoder 
will depend" on the coding standard employed and, in the 
case of MPEG, whether the pictures are being re-ordered 
This section identifies which of the Tokens are available 
10 at the output of the Temporal decoder and which are the 

most useful when designing circuits to display that output 
Other Tokens will be present, but are not needed to display 
£ the output and, therefore they are not discussed here, 

yj Thls sec tion concentrates on showing: 

■ How the start and end of sequences can be identified 
•How the start and end of pictures can be identified 

How to identify when to display the picture. 
•How to identify where in the display the picture 
data should be placed. 
20 A. 19.1 JPEG output 

The Token sequence output by the Temporal Decoder when 
decoding JPEG data is identical to that seen at the output 
of Spatial Decoder. Recall, JPEG does not require 
■ Processing by the Temporal Decoder. However, the Temporal 
2, Decoder tests intra data Tokens for negative values 

(resulting from the finite arithmetic precision of the IDCT 
in the Spatial Decoder) and replaces them with zero 

See Section A. 16 for further discussion of the output 
sequence observed during JPEG operation. 
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A. 19.*-, 11.261 Output 
A. 19.2.1 start and end of sessions 

H.261 doesn't signal the start and end of the video 
stream within the video data. Nevertheless, this is 
implied by the application. For example, the sequence 
starts when the telecommunication connection is made and 
ends when the line is dropped. Thus, the highest layer in 
the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in 
accordance with the invention, allows SEQUENCE_START and 
CODING_STANDARD Tokens to be inserted automatically before 
the first PICTURE_START . See sections A. 11. 7. 3 and 
A . 11.7.4. 

At the end of an H.261 session (e.g., when the line is 
dropped) the user should insert a FLUSH Token after the end 
of the coded data. This has a number of effects (see 
Appendix A . 3 1 . 1 : 

" It ensures that PICTL'RE_END is generated to 
signal the end of the last picture. 

•It ensures that the end of the coded data is pushed 
through the decoder. 
A. 19 .2. 2 Acquiring pictures 

Each picture is composed of a hierarchy of elements 
referred to as layers in the syntax. The sequence of 
Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 
A. 19. 2. 1 Picture layor- 

Each picture is preceded by a PICTURE_START Token and 
each is immediately followed by a PICTURE_END Token. H 261 
30 doesn't naturally contain a picture end. This Token is 
inserted automatically by the Start Code Detector of the 
Spatial Decoder. 

After the PICTURE_START Token, there will be 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens. The 
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only the"- r IT * 10 bit nUmber <° f whic " 

only the 3 LSBs are used in H.261) that indicates when the 

d p ;r:r shouid be dispiayed - ™ s s — - ^^: y :: Y 

;t;r as H - 261 encoders can ° mit pictu - s — 

sequence (to achieve lower data rates). Omission of 
Pictures can be detected by the temporal reference 
incrementing by more than one between successive pictures 
Next, the PICTURE_TYPE Token carries information about ' 
the Picture format. a display system may study this 
information to detect if GIF or QCIF pictures are being 
decoded. However, information about the picture format is 
also available by studying registers within the Huffman 
^ decoder. 

*g <Iref to Huffman decoder section) 

flj 15 ~ 19 ' 2 2 7 Gr °" n Block* r., y „. 

jfi Each H.261 picture is composed of a number of "groups of 

m " l0CkS "- ° f th6Se is P«cd«l by a SLICE START Token 

Q (derived from the H.261 group number and group start code) 

This Token carries an 8 bit value that indicates where in " 
the display the group of blocks should be placed. This 
prov.des an opportunity for the decoder to resynchroni 2e 
after data errors. Moreover, it provides the encoder with 
a mechanism to skip blocks if there are areas of a picture 
that do not require additional information in order to 
describe them. By the time SLICE_START reaches the output 
of the Temporal Decoder, this information is effectively 
redundant as the Spatial Decoder and Temporal Decoder have 
already used the information to ensure that each picture 
contains the correct number of blocks and that they are in 
rhe correct positions. Hence, it should be possible to 
compute where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that 
have been output since the start of the picture. 

The number carried by SLICE_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for 
more information) . Figure 94 shows the positioning of 
H.261 groups of blocks within CIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the 
same as that carried by S L I C E_S T ART . This is different 
from the H.261 convention for numbering these groups. 

Between the SLICE_START (which indicates the start of 
each group of blocks) and the first macroblock there may be 
other Tokens. These can be ignored as they are not 
required to display the picture data. 



Xm 19 .2.2*3 MAcroblock layer 

The sequence of macroblocks within each group of blocks 
is defined by H.261. There is no special Token information 
describing the position of each macroblock. The user 
should count through the macroblock sequence to determine 
where to display each piece of information. 

Figure 96 shows the sequence in which macroblocks are 
placed in each group of blocks. 

Each macroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the H.261 
macroblock structure. Each DATA Token should contain 
exactly 64 data bytes for an 8x8 area of pixels of a single 
color component. The color component is carried in a 2 bit 
number in the DATA Token (see section A. 3. 5.1). However, 
the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of- 
Tokens communicating information about motion vectors, 
quantizer scale factors and so forth. These Tokens are not 
required to allow the pictures to be displayed and, thus, 
can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a 
single color component. These are in a raster order. 
A. 19.3 MPEG output 

MPEG has more layers in its syntax. These embody 
concepts such as a video sequence and the group of 
pictures . 

A. 19.3.1 MPEG 8equence layer 

A sequence can have multiple entry points (sequence 
starts) but should have only a single exit point (sequence 
end) . When an MPEG sequence header code is decoded, the 
Spatial Decoder generates a CODING_STANDARD Token followed 
by a SEQUENCE_START Token. 

After the SEQUENCE_START , there will be a number of 
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Tokenss-ofe sequence header information that describe the 
video format and the like. See the draft MPEG standard for 
the information that is signalled in the sequence header 
and Table A. 3.2 for information about how this data is 
5 converted into Tokens. This information describing the 

video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times 
within an MPEG sequence, if that sequence has several entry 
10 points. 

A. 19. 3. 2 Group of pictures layer 

An MPEG group of pictures provides a different type of 
"entry" point to that provided at a sequence start. The 
sequence header provides information about the 
picture/video format. Accordingly, if the decoder has no 
knowledge of the video format used in a sequence, it must 
start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to 
start decoding at any group of pictures. 

MPEG doesn't limit the number of pictures. in a group. 
However, in many applications a group will correspond to 
about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a 
2 5 GROUP_START Token. The header information provided after 
GROUP_START includes two useful Tokens: TIME_C0DE and 
BROKEN_CL0SED. 

TIME_CODE carries a subset of the SMPTE time code 
information. This may be useful in synchronizing the video 
30 decoder to other signals. BROKEN_CLOSED carries the MPEG 
closed_gap and broken_link bits. See Section A. 19. 3. 8 for 
nore on the implications of random access and decoding 
edited video sequences. 
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A. 19,3=^ Picture layer 

»c T T h ; R rs a T ? R ; f TO ; neu picture in ««"- * «». 

TEMPORAL REFER ENCE^ h"'" T ° ken ' Ul " » 

referent L for l ci :; d — . The temporary 

»»?ured to provide picture re-ordering. The 

- rr:::^:?" ion nay be u * — 

Each picture is composed of a number of slices. 
A. 19. 3. 4 Slice layer 

The suce in MPEG serves a simiiar functioh. 



I » The a bi t v.xu. carried by the SL^START^e'n r^™" 



-H=. l.WV* d " ft " PK '« ' — iption or the 

By the time SLICE start 
20 Temporal Decoder this , °' ^ 

since the soat? i ' lnf0rmati0n is effectively redundant 
used t he inf P al . DeC ° der Te * P ° ral ^er have already 

used the information to ensure that each picture contains 
the correct number of blocks in tne correct positions 

25 L^'ordaT't" POSSible " ^ - — * 

block of data output by the Temporal Decoder just by 

counting the number of blocks that h.vp 

the start of the picture. ° UtpUt ^ 

See section A. 19.3.7 f or discussion of the effects of 
using MPEG picture re-ordering. 
30 A. 19 . 3 . 5 Macroblock layer 

Each macroblock contains 6 blocks. These appear at the 
output of the Temporal Decoder in raster order (as 
specified by the draft MPEG specification). 
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A.19.^6» Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the draft MPEG 
specification (this is the same as the H.261 macroblock 
structure) . Each DATA token should contain exactly 64 data 
bytes for an 3 x 8 area of pixels of a single color 
component. The color component is carried in a 2 bit 
number in the DATA Token (see A. 3. 5.1). However, the 
sequence of the color components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of 
Tokens communicating information about motion vectors, 
quantizer scale factors, and so forth. These Tokens are 
not required to allow the pictures to be displayed and, 
therefore, they can be ignored. 
A. 19. 3. 7 Effect of MPEG picture re-ordering 

As described in A. 18. 3. 5, the Temporal Decoder can be 
configured to provide MPEG picture re-ordering 
(MPEG_reordering=l) . The output of P and I pictures is 
delayed until the next P/i picture in the data stream 
starts to be decoded by the Temporal Decoder. At the 
output of the Temporal Decoder the DATA Tokens of the newly 
decoded P/I picture are replaced with DATA Tokens from the 
older P/I picture. 

When reordering P/I pictures, the PICTURE_START , 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens of the picture 
are stored temporarily on-chip as the picture is written 
into the off-chip picture buffers. When the picture is 
read out for display, these stored Tokens are retrieved. 
Accordingly, re-ordered P/I pictures have the correct 
3 0 values for P I CTURE_START , TEMPORAL_REFERENCE and 
PICTURE_TYPE. 

All other tokens below the picture layer are not re- 
ordered. As the re-ordered P/I picture is read-out for 
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display it picks up the lower level non-DATA tokens of the 
picture that has just been decoded. Hence, these sub- 
picture layer Tokens should be ignored. 
X. i». 3. a Random access and edited sequences 

The Spatial Decoder provides facilities to help correct 
video decoding of edited MPEG video data and after a random 
access into MPEG video data. 
A. it. a. a. i QDin gpp f 

A group of pictures (GOP) can start with B pictures that 
are predicted from a P picture in a previous GOP. This is 
called an "open GOP". Figure 107 illustrates this. 
Pictures 17 and 18 are B pictures at the start of the 
second GOP. If the GOP is "open", then the encoder may 
have encoded these two pictures using predictions from the 
15 P picture 16 and also the I picture 19. Alternatively, the 
encoder could have restricted itself to using predictions 
from only the I picture 19. In this case, the second GOP 
is a "closed GOP". 

If a decoder starts decoding the video at the first GOP, 
20 it will have no problems when it encounters the second GOP 
even if that GOP is open since it will have already decoded 
the P picture 16. However, if the decoder makes a random 
access and starts decoding at the second GOP it cannot 
decode B17 and B18 if they depend on P16 (i.e., if the GOP 
25 is open) . 

If the Spatial Decoder of the present invention 
encounters an open GOP as the first GOP following a reset 
or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. in this case, the 
Huffman decoder will consume the data for the B pictures in 
the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The 
result will be that pictures B17 and B18 (in the example 
above) will be identical to 119. 
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J'LTIZ 7 c ures correct °* «h. « PE = 

=u C p UU « :: 0 „ „ ::r e : h that b pictures exist - «» 

Picture with temporal reference 0. m the examnil'^ 

t-hp f { ^. . . ifl cne example above, 

10 , * ""P 1 **- Picture after . random access tQ ' 

10 second GOP is B17. 

The BROKEM_CLOSED Token carries the „ PE0 closed aop bU 
-nee at the output of t h e TenporaX Decoder it 
to d.t.r-x„. lf the 8 pictures output are genuine or 

l» slTVT S " h ° V ° intr0dU « d »» S >«^ °~oder 

■ 6 ~y wish to take special measures when 

these "substitute" pictures are present. 

ft. 19. 3. 8. 2 RfUf ed viH. ft 

If an application edits an MPEG video sequence it raav 

20 :::^r i :? tion " hip between tw ° — ---2 

tne eait is an open GOP it will 1 

r u win no longer be possible t-r» 

correctly decode the B pictures at th. Ho • 
GOP Tho =, , • at tne be gmning of the 

GOP The application editing the MPEG data can set the 
bro k 1 nk bit in the Gop after ^ J 

^ - :: = r that it will not be able to decode these B 

linl' the H P ?/ al DeC ° der SnCOUnte - * GOP with a broken 
link, the Huffman decoder will decode the data for the 

;: :::: " e ~ — - — out PU t 



B 

B 



„ ■ _ . - -> ••■ >- win output B 

pictures predicted with (0 01 ; 

u wxtn (o,0) motion vectors off the I 
Picture. The result will be th ar 

the exammo w • Pictures B17 and B18 (in 

the example above) will be identical to i 19 

The BR OKEN_c L OSEO Token carries the MPEG broken link 

Possible r'n at ° UtPUt ° f T6mPOral D -oder-it is 

Possible to determine if the B pictures output are genuine 
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or substitutes" that have b een introduce by the Spatiai 
Decoder. See appiicatiohs „ay wish to ta*e special 
measures uh e n these "substitute" pictures are present 
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SECTION A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 
The detail timing of the interface can be configured 

to accommodate a variety of different DRAM types 
The "width" of the DRAM interface can be configured 

to provide a cost/performance trade-off 



■n 

5 

OB 


Signai Name 


Input/ 
Output 


Description 


ru 


DRAM_oata(31:0] 


I/O 


The 32 bit wide ORAM data bus. Opoonaily this ous can ce scr.^rsc :; 


s"' g 






be 16 or 8 bits wide. 


S 


DRAM_addr[10:0] 


o 


The 22 bit wide ORAM interface address is ome multip.exea over :n : S : : 


j' z 






bit wide bus. 


;:s 


RA$ 


o 


The ORAM Row Address Strooe signaJ ~ 


: %» 
i | 


CAS(3:0l 


o 


The ORAM Column Address Strobe signaJ. One signal is prov.cec -er ( 








byte of the interface s data bus. All the signals are drrven ) 
simultaneousJy. , 






o 


The ORAM Write Enable signal ; 






o 


The DRAM Outout Enable signal 




DRAM.enaOle 


I 


This input signaJ. wnen low. makes all me output signals or. ~e .r.:era;e ' 
go nigh impedance and stops activity on the ORAM interface. 



Table A.20.1 ORAM interface signals 



i 

I 


Size/ 


Reset 




I Register name 






Cescnption 


! 


Oir. 


State 





modity_DRAM_timing 



1 bit 



This function enable register allows access to the ORAM ir.ierrace 
timing configuration registers. The configuration re^isiers s"u'C 
be modified while this register holds the value zero, wntir.- a r~e '; 
tnis register requests access to mcdify the configuration re;a:e'S 
After a zero has been written to this register the ORAM r.:^zza *> 
sun to use the new vaiues in the timing configuration *ec/s:r'S 



Table A. 20.2 DRAM Interface configuration registers 
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1 

Register name 


Sue/ 
Oif. 


Reset 
Stale 


Oescncticn 


page_start_length 


5 bit 
rw 


0 


Specifies the length of the access s:a.- ,n !.c*s. T>. e mmrrur. v a iu* 
mat can be used is 4 (meaning 4 ucxsi 0 sefecis :r.e max:.— um 
length of 32 ticks. 


read.cycie .length 


4 bit 
rw 


0 


Sceofies the length ot tne fast cage read cycle m neks. The 
minimum value that can be used :s 4 {meaning 4 neks). 0 seiecis tr-e 
maximum length of 1 5 ticks. 


write_cycte Jength 


4 bit 
rw 


0 


Soecifies the length of the fast page :a-:e wn:e cycle :n ::cxs. 7>.e 
minimum value that can be used is 4 (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. j 


refresh_cycle Jength 

■■ 

i 
t 


4 Sit 
rw 


0 


Specifies tne length of the refresh cyc:e in :;cks. The minimum value 
that can be us«d is 4 (meaning 4 itcxs). 0 selects the majtirru.™: 
length of 16 ticks. 


RASJalling 

i 
1 


4 bit 
rw 


0 


Specifies the number of Iicks after tr.e start of ;ne access s:an *jiat 

j 

RAS fails. Th« minimum value that can be used is 4 (meaning 4 
ticks). 0 selects the maximum length of tS iicks. 


CASJalling 

i 

! 

! 
i 

1 


4 bit 
rw 


s 


Specifies ine number of ticks after tne start of a read cyc:e. *rr t e 

i 

cycle or access start that CAS falls. The minimum value :r.a: zzr, z* . 
used is l (meaning 1 tick). 0 selects the maximum lengin of 16 tcks. j 


ORAM.data .width 


2 bit 
rw 


0 


Specifies the number of bits used on tne ORAM interface cata ous j 
DflAM_data(31:0]. Se« A.20.4 ' 




O hit 
£ OH 

rw 


u 


opecmcs ine numoer or oils usee <o* >ne row dcureai -cnan _ i >e 
ORAM interface address bus. See A. 20. 5 


f ORAM_enaoie 

t . 
i 

i 

i 
1 


1 bit 
rw 


1 


Writing the value 0 in to this register forces the ORAM :n:ertace 
a high impedance state. 

0 will be read from thts register if either me ORAM_enabie s«gr.a: s 
low or 0 has been written to the register. 



Table A.20.2 DRAM Interface configuration registers (contd) 
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Register name 



refresn_iriterval 



CA$_«rengtft 



RAS_»tf«ngift 



addr_sirength 



Size/ 
Oir. 



Reset 
State 



Oescnpnon 



8 sit 



PtV 



™. v„ue SOec ,«„ ,n, ,n^ a) between fe(resn cyc(es ;n 3enc=s o< ■ 
16 decoa.r_c.oc* cyces. V a , ues ,„ me fange ... ^ ; 
=onfi gure<3 . The va(ue 0 * automatical .oace* afte , f9se! ^ | 
'~ *. ORAM i„ t e rface t0 conftnuously execa(e reif6sh ^ ^ j 
un. a vaW in(e!VaI , s confis , jrM . i{ ^ tecommercgs ^ j 
refr„ hJnlefva) ^ ...^ ^ ^ ^ ^ ^ 
Writina rh« wai.i* i 



ORAM interface signals. 
™. m. in.e.ace 10 >_ eonfigurM fcf ^ ^ ^ ; 
See A.20.3 



Table A. 20. 2 DRAM Interf.^ 

interface configuration 

registers (contd) 
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A.20.£- Interface timing (ticfcs) 

In the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticks. 
A. 2 0. 2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
different types of access are supported: 

• Read 

• Write 

• Refresh 

Each read or write access transfers a burst of between 1 
and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 2 0.3 Access structure 

Each access is composed of two parts: 

• Access start 

• Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
2 5 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
access is ready to start when the last access finishes, 
then the new access will start immediately. 
A. 20. 3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions. There are three different access starts: 

• Start of read 

• Start of write 

• Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
different in how they drive 0E and DRAM_data [ 3 1 : 0 ] when RAS 
falls. See Figure 109. 



Num. 


Characteristic 


Min. 


Max. J Unit N'o:es 


3S | RAS precna/ge period set by register RAS Jailing | 4 | 15 




39 j Access stan duration set by register pag«_start Jengm 4 


32 j : 


40 j CAS precfta/ge lengtn set by register CAS Jailing. 1 


15 


; t 


41 


■ 

rast page read cycle length set by me register 
read_cyclej«ngth. 


4 


15 


1 

; 1 


42 


Fast page wnte cycle lengtn set by me register 
write.cyciejength. 


4 


15 




43 | wE faJis one ock after Ca5. | 




4-1 i Refresh cycle lengtn set by me register refresh _cycie. j 4 


15 





Table A . 2 0 • 3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs- 
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A. 20.3=^2^ Data transfer 

There are three different types of data transfer cycle: 
' fast page read cycle 
■ Fast page late write cycle 
• Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CAST is driven high and 
the new column address is driven. 

A late write cycle is used. TO is driven low one tick 
after GSST The output data is driven one tick after the 
address . 

As a CAST before refresh cycle is initiated by the 

start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum "EXS low period 
required by the DRAM. 
A. 2 0.3. 3 Interface default state 

The interface signals enter a default state at the end 
of an access : 

kas , CSS" ana "WE high 
•data and OE remain in their previous state 
• addr remains stable 
2 5 A. 2 0. 4 Data bus width 

The two bit register DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 



15 



20 



376 



OFUM_oata_width 



I 




| a bit wtde data ous on ORAM_data(3i :24]°. ; 


| 1 16 bit wide data bus on ORAM daca(3l*i6]^l 


! 2 


32 bit w,oe data bus on DRAM_data(31:0]. i 



Table A. 2 0. 4 Configuring DRAM_data_width 

a. Default after reset. 

b. Unused signals are held high impedance. 
A. 20. 5 Address bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
therefore, produce "hidden bits) . 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed. 

A. 20. 5.1 Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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^•^ Row address bits 

ternal address to provide the row address is 

g red by the register row_address bits. 
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Table A. 20 .5 Configuring row_address_bits 

Ho^ h ^ *. aaress ' ^ some bits of the row address are 

decoded to select banks of dram th Pn *m ■ 
r,f ^ ..^ KAM ' then all possible values 

of these "bank select *n-~„ lues 
othpru . " 1SCt bltS must select a bank of DRAM . 

Otherwise, holes will be left in tho 

^ett in the address space. 
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A. 20. 6 DRAM Interface enable 

There are two ways to make ail *-h« 

register and the DRAM enable signal Both ™- enabl « 
the signal must be at". logic ! fo \, register and 

«. giC 1 for DRAM interface to 

either is low ' then the fa « *■ - 
data transfers throu ' h the *■>*«'•=• «. 

The ability to take the DRAM interf™ <- u - • 
i«s ^ ■ interface to high impedance 

Provided in order to allow oth B r ^ • 
u<*« ^.w ™ other devices to test or to 

use the DRAM controlled by the soatiai n 
T r '-" e spatial Decoder (or the 

Temporal Decoder) when the Soati^i ^ 

spatial Decoder (or the Temporal 
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IT"'"" " USS ' " iS inte " dM «=" -How other 

' MS t0 Sh3re " e ■» «y «««in, normal operation 
A. 20. 7 Refresh 

Unless disabled by writing to the register, no refresh 
Che DP^. terface will automatically refresh h ' 

using a CAST before TOW refresh cycle at an interval 
determined by the register ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_cloc* 
cycles. values in the range 1 to 255 can be configured 
The value o is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 
configured. it is recommended that refresh interval should 
be configured only once after each reset, 
p A. 2 0.8 Signal strengths 

n ThS drlVe Stren * th of the outputs of the DRAM interface 

can be configured by the user using the 3 bit registers 
CAS_strength / RAS_strength , addr_strength 

DRAM_data_strength, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

The default strength after reset is 6, configuring the 
outputs to ta*e approximately l0 ns to drive signal bet ,een 

GND and V nD if loaded with 12 p F. 



m 15 



Q 

U 20 




oprox. 4. ns/V mto ot load 



Aoprox. 2 ns/V into 5 of load 
Approx. 2 n^v into 12 pi load 



strength value 


Ortve characteristics 


! 6- 


Approx. 2 ns/V into 24 of load 




7 


Approx. 2 ns/V into 48 pf load 


i 



Table A. 2 0.7 Output strength configurations 

Default after reset 
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When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 20. 11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 20. 9 After reset 

After reset, the DRAM interface configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 
impedance . 

The refresh interval is configured to the special 
.value 0 which means execute refresh cycle continuously 
after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
conf iguration . 

Most DRAMS require a "pause" of between 100ms and 500^5 



381 



after =» sr is first applied, tollouad „ y , number 
refresh cycles before normal operation is possible 

Immediately after reset, the DRAM interface is inactiv 
until both the DRA«_e„able sional and the DRAM enable 
renter are set. Wnen these have been set, the DRAM 
interface will execute refresh cycles (approximately ever 

DRAM n I; t r ndin9 UP ° n Cl ° Ck f "0—* «— ) ""til th 

DRAM interface is configured. 

The user is responsible for ensuring that the DRAM ' s 
pause" after power_up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required nu m ber of refresh cycles have occurred before dat 
transfers are attempted. 

Khile reset is asserted, the DRAM interface is unable t 
refresh the DRAM . However, the reset time reauired by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the dram 
interface before the DRAM contents decay. This may be 
required during debugging. 




e A. 2 0.8 Maximum Ratings' 
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| Symbol 


[ Parameter 


1 Min. 


| Max. 


j Uniis 




Supply voltage reiatrve to GNO 


4.75 


5.25 


1 v 


GND 


Ground 


0 


0 


1 v 


V.H 


input logic T voltage 


2.0 


V 00 * 0.5 






input logic *0* voltage 


GNO - 0.5 


0.8 


1 v 


1 


Operating temperature 


0 


70 





Table A. 20. 9 DC Operating conditions 

with TEA linear ft/min transverse airflow 



Symool 



Parameter 



Min. 



Output logic *0* voltage 
Output logic *1* voltage 
| Output current 



Max. 




Units 



0.4 



2.6 
i 100 



Outout off siate leakage current - 2 0 



V 



input leakage current 
RMS power supply current 



10 



input capacitance 



500 



I mA 



Symool 


Parameter 




I 9 

Min. j* Max. 


1 OF ; 
| Units { 


C OLTT 


OutDui / IO capacitarxe 


I s 


IpF 



Table A.20.10 DC Electrical characteristics (contd) 

Table A.ao.io DC Electrical characteristics 

AC Parameters are specified using V OLm „= 0 . 8 V as 
the measurement level. 

This is the steady state drive capability of the 

interface. Transient currents mai , w 

£rents m ay be much 

greater. 
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A.20.fB.l AC characteristics 

Parameie 




Cycle Dme e.g. tACP/tCPA 

Table A.20.11 Differences from nominal values for a strobe 



Table A.20.11 Differences from nominal values for a strobe 

a. The driver strength of the signal must be 
configured appropriately for its load 



ry 



Mum. 


Parameter 


1 1 • 
Mm. j Wax. j Unit 1 Note * 


50 


Strobe to strobe delay e.g. tRCD. tCSR 


-3 | -3 . j ns | 


51 


Low hold time e.g. tRSH, rCSH. tflWU 
tCWU IRAC. tOAC/OE. tCHR 


-13 


-3 


ns 

i 


1 

i 

i 


52 


St/ooe to strobe precnarge e.g. tCRP, 
tRCS. tRCH, tRRH, tRPC 


-9 


O j ns 
1 

1 


i 

1 


CAS precnarge puis* between any two 
CAS signals on wide DRAMs e.g. rCP. or 
b*tw««n RAS rising and Ca5 falling e.g. 
tRPC 


-5 


-2 




i 

' 

1 



Table A.20.12 Differences from nominal values between two strobes 



5 



Table A.20.12 Differences from nominal 
values between two strobes 
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Parameter 
Precnarge oefor© disafile e.g. iRHCP/ 
CPPH 



Max. 



Unit 



-3 



Table A. 20. 12 Differences from nominal 
values between two strobes (contd) 

The driver strength of the two signals must 
configured appropriately for their loads 
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SECTION B.l Start Code Detector 
B.i.i Overview 

As previously shown in Figure ll, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. its 
primary purpose is to detect MPEG, JPEG and H.261 start 
codes in the input data stream and to replace them with 
relevant Tokens. it also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.261, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a ' DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged. 
B.i.2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 

B.l. 2.1 input Circuit (scdipc. sen. iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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" b *i n f t either " * ™ "ream (bue still usi 

the two-wire int-D>-f * v 5tlu u sing 

via the u P xn al l ^ 3 t0k6n StrSam ' ° r ^ — 

output th! CaS6S ' ^ inpUt CirGUit Always 

s ::z S e ^ r i;:: 0 DATA Tokens b * — 

appropriate. Transitions to and from upi 
IT) ar Y V -*~ni 2ed to the system clocks and the u P i m 
be forced to wait until a safe point in the data stre I 
before gaining access. The Bvtp m „n stream 
whether tho . V m ° de pin determines 

10 PurthIL " P CirCUit 13 in t0k6n " bvt * ^e. 

Furthermore, ^tially informing the system as to which 

standard is being decoded (so a CODING_STANDARD Token can 
be generated, can be done in any of the three modes. 
B.l.2.2 Token decoder (scdipnew. sen, scdipnem.M) 

Thxs block decodes the incoming tokens and issues 
15 commands to the other blocks. issues 
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10 



15 



Table B. 


Recognized input tokens 


Incut Token 


Command 
issued 


Comments 


NULL 


WAIT 


NULLs are removed 


Hat ^ 


NORMAL 


Load next byre into firs; SR 


CODING.STD 


BYPASS 


Husn snift registers, perform rac^r.g. ; L - L . t j 
and switch :o oy pass mode. Lead 

CCD1NG ^TASiHAQn 

> wh^vj^ o 1 ^t'UMnu fSGjStsr, 


FLUSH 


BYPASS 


Fiusn Sfls with padding, cutcu; ana swi; c - :o 
bypass mode. 


ELSE 


BYPASS 


Hush SRs with padding, outcur and sw.rci :o 


(unreccgnised token) 




bypass mode. 



blocie • A Chan<?e ln C ° ding sta "°ard is passed to all 
boc.s via the two-wire interface after the 1 

" I/: 15 — — th. change from one data streal 
to another happens at the correct point throughout the SCO 

l:: r; h n r ple - is appiied - ^.«t.tio„"; 

whole H " C ° ding Standard «» fl - trough the 

whole chip prior to the new stream. 

B. 1.2.3 jpeg (scdjpeg.sch scdjpega.M) 

^T^cTzs (MarkSrS) ^ JPEG s^^y ««.r.nt 

that JPEG has a state machine all to itself. In the 

diL 5 :: on inv : nti ; h n ' this biock handies ai1 ^ ™° 

detectxon, length counting/checking, and removal of data 
Detected JPEG markers are fl agge d as start codes ( with 

o 1" tSXt) thS COmmand f rom scdipnew is 

overridden and forced to bypass Tho 

descrjhoH • ^ bypass. The operation is best 
described in code. 

switch (state) 



( 



case (LOOKING): 
if (input = OxlT) 
{ 

state = GET VALUE; /"Found a marker-/ 
remove; /"Marker gets removed*/ 

} 

else 



state = LOOKING; 
break; ^ 

case (CETVALL'E); 
'r(input = OxfT) 
{ 

state = GETVALUE;/.Ov erJappint 
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appmg markers*/ 
remove; 



else if (input = 0x00) 
f 

state = LOOKINC^VVasn't a marker-, 
insen(O x fT); /"Put the OxfTback-/ 

} 

else 
{ 

C ° mmand ' BYPAS S; Override command-/ 
"00,. Does the marker have a ,en g th countV 

state = GETLCO; 
else 

state = LOOKING; 

break ; 

case (GETLCO): 

'oadkO; /-Load the top .ength count byteV 
state = GETLCl; 

remove; 

break; 

case (GETLCl) 
Joadicl; 
remove; 

state = DECLC; 
break; 

^(DECLC): * " 

' cn ' = Icnt-2 



.3 ^ * ^ 



— ■ estate = CHECKLC; 
break; 

case (CHECKLC): 
if (lent = 0) 

state = LOOKING;/-**, more to do*/ 
else if (lent < 0) 

state = LOOKING;/«generate IIIegaLLength 
eise 

state = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
if 0c <= 1) 

state = LOOKING; 
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B. 1. 2 . 4 



10 



input Shifter (scinshf t. sen, scinshm.M) 
The-Ba*ic operation of this block is quite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it out. However, it also 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs): on receiving a BYPASS command, the associated byte 
is not loaded into the shift register. Instead "rubbish" 
(tag - i) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the token reconstructor. 
B.i.2.5 Start code Detector (scdetect . sen, scdetm.M) 
13 ThlS blOCk includes two shift registers which are 

programmable to 16 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16 

In the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
30 detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
Withouc the detection of another start code, it is 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 
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25 



10 
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B.l. 2 .6_ output Shifter (scoshift.sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags, from scdetect, pack it into 15 bit 
words and output them. other functions are: 

B - 1 - 2 - 6 - 1 Data p artrt-iT.g 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
1=> extension bit to indicate that it is the end of a data 

token . 

B. 1.2. 6. 2 G eneration of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6.3 Flaggin g valid start eodn 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 
start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes. if the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t ( ValueNotToken) to indicate 
that it is a start code value. if, however, another start 
code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an over la P ping_start_error is 



20 



25 



30 



10 
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generated . 



the . y Tt& th." " rSt ValUS iS and 

— Li::" 1 ;; 1 the sec6nd value - Tnis 

repeated untu a n 'n ^""^ ^ '"" P "" dU " <° - 

non-overlapped start code is found. 
a,l,< T1 flying un ,,,. r , 

Hav.ng detected and output a good start code, a new data 

""in,: 3 generated — — — — > 

B.l.a.7 Data stream reconstructor (sctokr.c. sch, 

sctoicrem.M) 

inout". """"" " C ° nStru "°r >>" two-wire interface 

nputs: one fro m scinshift for bypassed tokens, and one 
frc, scoshift for packed data and start codes. Switching 
.«ween the two sources is on ly aUowed w h en the current 
token (fro . either source, has been co.pieted " 
extension bit arrived). 

B. 1.2.8 start value to start number conversion 
(sedromhv.sch, schrom.M) 

The process of converting start values into tokens is 
done in two staaes T hic , ^ 1S 

standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices 

As mentioned earlier, start values (including JPEG ones) 
re distinguished from all other data by a flag 

rrVr 1 • " 13 converts 

into °\ V3lUe ' dependin * °" the CODING STANDARD, 

xnto a 4 bit start.number which is independent of the 
standard, and flags any unrecognized start codes. 
The start numbers are as follows: 



392 



^ Table B.1.2 start Code numbers (indices) 




JPEG markers T.ai can oe maooed onto tokens lor MPEG/H.25I 





U UM 1 


8 1 OHT 


m uur 


9 


OGT 


89 DNL 


10 


ONL 


,*? DRI 


11 


DPI I 



Table B.1.2 Start Code numbers (indices) 





SOS 


picture_start_code 


| ?!CTUP£.STA = T 


I - 


SOI 


sequence__start_code 


| SECUSNCE.STA — 



StarVMarker Code 


Index (stan.numoer) 


Resulting Token 


EOI 


sequence__end_code 


SEQUENCE.ENO 


SOF0 


group_start_code 


GROUP.START 


JPEG manners mat generate extn or user data 


i JPG 


extension_start_code 


EXTENSION.OATA 


JPGn 


extension_start_code 


EXTENSION.OATA 


APPn 


user_data_start_code 


USER_DATA 


COM 


us e r_data_sta rt_cod e 


USER.OATA 


NOTE: All unrecognised JPEG markers generate an extn_start_code index 





B.1.2. 9 start number to token conversion (sconvert.sch, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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Search modes are a means of entering a data stream at a 
random point. The search mode can be set tc 

values : 



:o one of eight 



10 



0: 
1/2 

3 ; 
4: 
5; 
6: 
7 : 



Normal Operation - find next start code. 

System level searches not implemented on Spatial Decode* 

Search for Sequence or higher 

Search for group or higher 

Search for picture or higher 

Search for slice or higher 

Search for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected . 

This block also adds the token extensions to PICTURE 
Is and SLICE start tokens: 

• PICTURE_START is extended with PICTURE_NUMBER, a four 
bit count of pictures. 

SLICE_START is extended with svp (slice vertical 
position). This is the "value" of the start code 
20 minus one (MPEG, H.261), and minus 0XD0 (JPEG) 

B. i.a. 10 Data stream Formatting (scinsert . sen, scinserx.M, 
In the present invention. Data stream Formatting relates 
to conditional insertion of P I CTURE_END , FLUSH 
. • CODING_STANDARD , SEQUENCE_START tokens, and generation of 
2 5 the ST0P_AFTER_PICTURE event. Its function is best 
simplified and described in software: 



switch (input,data) 
(FLUSH) 
I- * (m_picture) 

output = PICTUR£ -END 

2. output = FLUSH 

3. ^(inj ic turc&sto P .after. P icture) 
sap_crror = HIGH 

in picture = FALSE; 

4. in.picturc = FALSE; 
break 

<*s« (SEQUENCE_START) 
L if (in jicturc) 

output = PICTUR£_END 
2. if (in_picturc & stop.after.picture) 
2a. output = FLUSH 
2b. sap_crror = HIGH 
in_picturc = FALSE 

3. output = CODING.STANDARD 

4. outputs standard 

5. output = SEQUENCE.START 

6. in picture = FALSE; 
break 

c*e (SEQUENCE.END) case (GROUP.START): 
1. if 0"n_picture) 

output = PICTURE.END 
2.if(ui_picu,re&stop_ a ft er .picture) . 
2a. output = FLUSH 
2b. sap.error = HIGH 
'"-picture = FALSE 

3- output = SEQUENCE.END or GROUP.START 

4 - '".picture = FALSE; 
break 

Case ( p 'CTUR£_END) 



l -«p^- picture_e.no 

2.if(5top_«fte r _ p ; COjr?) 
2a. output a F LlJSH 

2i >sap_ernor = HiCH 
3- '"-Pictures FALSE 
break 

«se (PICTUR£_START) 
1- if (in_p/cture) 

output = PICTUR£_ El VD 

2.if(in_p i ct U re&stop_ a /ter_pi ctUre) 
2a. output = FLUSH 
2b- sap_error = HIGH 
3. 'fOnsert.sequence.start) 

3a. output = CODINC_STANDARD 
3b. output = standard 

3c output = SEQUENCE_START 
i««rt_se quence _ start = FALSE 

4. °«"PU£ = PICTURE_START 
'".picture = TRUE 
breafc 

defauJt: Just pass ft uvough 
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SECTION B.2 Huffman Decoder and Parser 
B . 2 • l Introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 
5 Figure 118 shows a high level block diagram of the 

Huffman Decoder and Parser. Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) . 

10 In essence, the Huffman Decoder and Parser of the present 

invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 

15 "Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 

20 be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 

2 5 the DATA Tokens is transferred to the Huffman Decoder in a 

serial form (bit-by-bit) . This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 

3 0 encoded data, the Huffman Decoder only performs the first 

stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 
35 N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
5 decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

10 The ALU is the next block and is provided to implement 

other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 

15 implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU - is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 

20 type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 

25 the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 

30 been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 

3 5 word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

In £he- present invention, there is a two-wire interface 
between each of the blocks in the Video Parser. 
Furthermore, the Huffman Decoder works with both serial, 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a tin... Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. other tokens, however 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. if a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
la a time. if it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 
once . 

in the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
xn that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. if the prop er data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 
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L\Ve~ a ta S ^"^^ ^ Decoder which 

unti! i" h ! ! S ° ne - by -°- the "inshift" block 

value is passed V ° CCUrS ' th * deC ° ded inde * 

the mlirr ^ ^ microcode word to 

the ndex to Data Unit. No te that the Huffman Decoder will 

indeed the number of cycles is actually determined by the 
data which is decoded. The Index to Data Unit will then 
map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU , along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 
dependant) it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in wnich tne Token word ^ 

The ALU has a number of status wires or "condition codes" 
which are passed back to the Parser State Machine. This 
20 allows the state Machine to execute conditional jump 
nstructxons. In fact , all instructions _ 

seTL/d r 10 "'' ° f ^ C °" diti °- that may be 

selected ls hard-wired to the value "False-.. B y selecting 
this condition, a "no jump" instruction may be constructed 

in accordance with the present invention, the Token 
Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine m 
addxtxon, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
fill in wxth the remaining bits from the other for a total 
of -8 bits. For example, HORIZONTAL_SIZE has an 8 bit field 
that is an invariant address identifying it as a 
HORIZOMTAL.SIZE Token. m this case, the 8 bits come from 
the constant field and no data comes from the ALU. if, 
however, it is a DATA Token, then you would likely have 6 
its from the constant field and two lower bits indicating 
• color components from the ALU. Accordingly, the Token 
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Formatter takes this information and puts it into a token 
or use by the rest of he system. Note that the number of 
is from each source in the above examples are merely for 
illustration purposes and one of ordinary skill in the art 
will appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer " as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
Dumps based on "start of picture" , "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document. 
Input Shifter 

in the present invention, the Input Shifter is a very 
20 sxmple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hfi"). 

In the first pipeline stage. Token decoding takes place 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
25 the Huffman Decoder. The second pipeline stage is the 
shift register. In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
30 last data word. 
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».bi. ..a.x Po„ ibl . „.«.„, in the ^ 

As the data bits are shifted 
■ shift roister, the Mt p.« .^-o "oVl "d T ^ 

bits in the shift register are . «»«ni„, 
last word of a DATA Token. 

th*'H«71 r T T viously ' au ° ther Tok - s «• p«— ^ 

into the second pipeline stage but „„ 

Place. Not e that the DATA nealer is d T * 

Passe, to the Huffman at ail . £ " d " 0t 

and seriai.vaiid, are provided o„ on " ( °^ lia 
given ^ ■ - y ne ls ass erted at a 

given time and it indicates what tvn» ^ ^ 

preseni-oH «- >pe of data is being 

presented at that moment. 
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B.2. 2 ^Huffman Decoder 

turning them into . " deC ° de Hu "-" "des. 

5 can decode 1 1? UmbSr - In ^"on. it 

can also accept tV , " ^ """"" Dec ° d « 

Th. „ fr0, ° the Ins "i" block. 

The Huffman Decode inri„rf„ „ 
This i« „ * ^eludes a very small state machine 

When this state Machine is used the Huff" 3 ' 

issues commands to the I* 1 „ " ltM " 

Huffman Decoder State Mai- " The 

irate Machine cannot control all 

microcode instruction bits and i-h , 

the full „ * ' tnerefor e, it cannot issue 

the full ge Qf commands ^ bio ^ s 

B.2.2.1 Theory of Operation 

When decoding Huffman codes the 
Present invention uses an ari'th me t °' ^ 

the incoming code into a Huff P-^ure to decode 

lies between 0 and N !i ( f o^" a ^ ^ ' ™' 

entries) Bits - ° tablS that has N 

shifter " ^ by °" e input 

In order to control 

number of tables :«^ r ™ " ^ « 

possible number of bits in 1 ™ ^ Mch 

codes there are of that len th " 

information is typically not „• . 

y not sufficient to specify a 
general Huffman code. However i„ Peciry a 

the H,,f,» ^ "ouever, in MPEG, H.261 and JPEG, 

the Huffman codes are chosen such that this information 
alone can specify the Huffman code table. There is 
un ort just one exception to this; the Tcoeff "ie 

a addiT "I" " hiCh ^ U " d ln MPEC - ™* 

exception 10 " hT' *' '""^ «^«nere ( the 

-ception was de-Uberately introduced i„ a .2.i to avoid 
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start code emulation) . 

in JPZC. This a " PreC1S h ely «» those transmitted 

allows these tables to be used dir.,t, 

r:" 1 dSSi9nS ° f Huffman decoders rouU Z req u e I 
ones ;: atl ° n °' Internil trans' tld 

process™ ^ 7 ^ •«» 
nT »1, >k aversion, since the tables in „P EG 

n the s " CePti ° n n ° ted ab °-' «» b * — crib*. 

Practtai 3 -coder becomes 

process;" 1 l0 " in9 f " 9ment °' " C " illu «rates the decodin, 

int total = 0; 

int s = 0; 

int bit = 0; 

-r.SLgned long code = 0; 

-nt index = 0 ; 

while ( index>=totai ) 



' * bi:>=max_bits ) 
^ir'huf ^decode: ran off Qf tabiexn>t); 

rode=(code<<l ) Inext_bit0; 

:ndex=code-s*total ; 
totai- = codes_per__bit(bit ] ; 

s= < s+codes_per_bit ( bit ] ) «i ; 

bit**; 
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The process generally i <= h ^ , 
5i , 1>rtB - , y ' 13 di "ctly mapped into the 

silicon implementation" althnn^ -a 

fa _ rH + • . ait *°ugh advantage is taken of the 

tact that certain intermediate valine ^ 

. values can be calculated in 

clock phases before they are required. 
From the code fragment we see that; 
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ffQl - t0ta '<,. 1 = total. + cpb. 

EQ3.code. > , = 2code. + bit 

EQ 4. index. + , = 2 code. + bit. + total. - "s. 
Unfcnuna.e, in *. nard ^ fe „ proved ^ _ ^ ^ ^ ^ 
a vanabfe snifu*- is used in p , ace of ^ v „ ^ |fl ^ ^ 

in the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used in place of the variable "s". m this case; 

EQ 5. shifted. „ , = 2shifted„ + cpb 

It turns out that: 

E Q6.; n = 2shifted 



and so substituting this back into Equation 4 w 



e see that: 



EQ7. index. ^ = 2 (code. - shifted.) + total + bit 



In addition to calculating successive values of "index- 
it is necessary to know when the calculation is completed.' 
Fro, the "C" code fragznent we see that we are done when: 



EQ 8. index. ^ , < total. ^ , 
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Substituting from Equation 7 and Equation l we see that 
we are done, when: at 



EQ 9. 2 (code,, - shifted,,) + bit - cpb < o 



In the hardware implementation of the present invention 
the common term in Equation 7 and Equation 9, ( code n - 
Shifted., is calculated one phase before the remainder " of 
these equations are evaluated to give the final result and 
the information that the calculation is "done- 
One word of warning. m various pieces of » C " code 
notably the behavioral compiled code Huffman Decoder and 
the sm 4 code projects, the »c» fragment is used almost 

VariablS " S " 13 aCtUa11 ^ «ll.d 
shxfted . Thus, there are two different variables called 

shxfted". one in the »c» code and the other in the 
hardware implementation. These two variables differ by a 
factor of two. 

B. 2. 2. l.l Invertin g tha Oata Bita 

There is one other .piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. it turns out that H.261 and JPEG use 
opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

in order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions. i„ those aspects 
inherited from H.261, the H.261 convention is used. In 
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those inherited from j PF r /t-h- ^ 

coefficients, the JPE " co d ««*«, of Dc intra 

' tne JPEC convention is used. 
Tr,..>. r . -n.,rri. L«.t. t.m. 

i^e-enta^on a f 11 ^ 6 * ' lB "° <— 

^. " of the Present invention, there is „„ 

:i r °; 6 dr :r b — ^ tw ° — - — - 

part of th t h , " C ° ntainS C ° deS fr °™ the «fnw 

"« « t ^ ' COdeS, bS de " ded « «. 

LUireci manner. of nmn-^ 

course, other aspects of fhn 

;: PreSSi °" ""«••«» -y -11 be broken. For " 
these extended codes win example, 

H.261. CaUSS Start C ° de -ulation in 

Second, the transform coefficient f ahlo k 
that means that it is not h t3ble has an anomaly 

with the codes per bit t.M " ^ 

codes of fenVt^s b s ^^T* ^ ^ 

° its « These code worrit ~ Q 
systematically substituted bv ,if * 
20 encoder th* alternate code words. m an 

in the ' n ; r h ; al C ° rreCt is o^.i„. d by f irst encoding 

bits or T ^ 311 C ° deS ^ •« six 

™ s nn; ; he a in six bits are ^ 

a -coder, in^r^^JT^ ^ 
2 3. " decoding process is int. lnVSntion ' th * 

y process is interrupted just before the sixth hit 
is decoded, the code words u • 

i u words are substituted using a tabi*. 

look-up, and the decoding continues. 

in th is case , tnere ^ ^ ^ ^ 

so the necessary i on ir.nn - 

reS lt it . " e Unalt *~* the operation. As a 

instead necessary to use a true look-up table. 

' r " of oates are hard-wired to 9 ive 

= 5 L caHe^?" 6 t "~'»~«o„. The mo dule that does this 
defined h -"'"""V ' This <W <* -de substitution is 
poss " e h r d ln " 3 ••=» ~d. fro» the set of 

Possibie codes is replaced by another code fro. that set 



(no new codes are introduced or old codes omitted, . 

first cr fr re ' " UniqUS ^O 1 — is used for the v ery 

rirst coefficient i n a block m *h ■ 

UIUCK • in this cas^ i +■ 
impossible for a~ ^ case, it is 

therefore, th e table M '°'' hlOCk *» -cur and, 

occurring ^ ' us "-^ ^ ™>l y 

9 ymcol can use the code that would otherwise ho 
interpreted as end-of -block Th i « otherwise be 

diock. This may save one bit ti- 
turns out that with i-h« w 

_ „ thS arch ^ecture for decoding in 

accordance with the _ 9 ' in 

ft the P re sent invention, this is easilv 
accomodated. In short , £or ^ f » «~ * 

coefficient the decoding is deemed "done.. i f ..index, has 
e value 2 ero. furthermore, after decoding 

bit there are on ly two possible values for ..index" zero 

and one, it is only necessary to test one bit 

B -' t2 - 1:1 »«gl«t.,- . „ d o ir - 

The Huffman Decoder of t-h^ ~ 

with Huffn-n „ Present invention can deal 

wj.tn Murrraan codes t-hat- m = i_ 

that may be as long as 16 bits 

However, the decoding machine is only eight bits w d e 

value of the decoded Huffman Index number is 255 m fact 
this could only happen in extended JPEG and , • in "he Irr^ 
application, the limit is somewhat lower (but larger tha 
128, so 7 bits will not suffice). 9 ^ 

It turns out that for all leaal Hu ff ma » 
fi , , e9ai Huffman codes, not onlv 

he final value of "index", but all intermediate values lie 
in the range o to 2 55. However, for an Ulegal code i . 
an attempt to decode a code that is not in the current code 
table (probably due to a **r* 

exceed 255 ,< rr ° r) the inde * vaiue «'Y 

ZlT b , "I ^ USi " 9 " ei * ht blt -chin., it is 

"Index d " " e " deC ° din9 ' th * ^ °' 

b ts that teT^ ""^ " 5 bSCaUSe -*ni"=.nt 
discarded r " a " err ° r h " ed 

thl ZT' rSaSOn ' " " any "« d ^"9 d -° d ing 

that T " 1Ue SXCeedS 2 " U - e -' ™* «» adder 

ab alr indeX) a " ™ " d ^coding is 
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Twelve bits of "code" are preserved. This i . 
necessary for decoding Huffman codes « not 

regxster would have been sufficient. These upper bits a re 

:i q ;;;; d for fixed ^ — * P to tv.iv. blt . :i; 

B. 2. a. 1.4 operation for Fi^H t.^^ k „ Mr ., 

For fixed length codes, the "codes per bit" value is 
forced to 2 ero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is 
therefore, the same as code. m fact, the adders and the 
ix*. only allow an eight bit value to be produced for 
index . Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fxx.d length codes. When decoding Huffman codes 
these upper bits are forced to zero 

The f ac t that sufficient bits have been read from the 
-put x . calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter 
B.2.2.2 Decoding Coefficient Data 

The Parser state Machine, in accordance with the present 
inventxon, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
h-eight block of data is not directly nandled 
state machine. The Parser State Machine gives a command to 
the Huffman Decoder of the form "decode a block". The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicate = 

aeaicated state machine (essentially 

»n the Huffman Decoder, . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this 
mode of operation. For instance, in JPEG decoding where 

cne vLCs a ^e decoded to provide SI7 P a „w Df ,„ • 

_ H ae bIZE an d RUN information, 

tne SIZE information is fed back dirortiv 

^ axrectly from the output 

of the index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read In 
addition, there are several accelerators implemented. For 
instance, using the same example all vlc values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
5 value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B. 2. 2. 2.1 MPEG and H.261 AC Coefficient Data 

10 Figure 127 shows the way in which AC Coefficients are 

decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 

15 values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

20 Note that the data format at this point is sign-magnitude 

and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

25 Two special cases exist and these are trapped by looking 

at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 

3 0 blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 

35 bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
5 into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 

10 control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 

15 previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 

20 other instructions for the decoding are supplied by the 
Huffman State Machine. 
B.2.2.2.2 MPEQ DC Coefficient Data 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 

25 responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 

3 0 B.2.2.2.3 JPEG Coefficient Data 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 

3 5 process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 
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field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables). The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
the decode index is neither of these two values, the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required, 
in the case of EOB , no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine. 

in the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB). 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
35 associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 
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first si g n- e xt e nding the value with the wrong sign. If the 
sign bxt-is now set, then the remaining bits are inverted 
(ones complement) . 

5 Jh T ° f ° C C ° efficients ' ^e decision making in 

* the Huffman Decoding Stage is somewhat easier because there 
- no equivalent of the ZRL field. The only symbol which 
causes zero PLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
10 each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction). Four 
predictors are required, one for each of the four active 
color components. When the DC difference has been decoded 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 
20 conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine 
They are simply executed by the Parser State Machine. 

In a similar manner to the AC Coefficients, the ALU must 
first form the DC difference from the SIZE bits of FLC 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. if the 
result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
effectively four sources of error that are detected: 
Ran off the end of a table. 
Serial when token expected. 
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Token when serial expected. 
Too many coefficients in a block. 



The tirst ot tnese occurs , n s . tua 
counter reaches sixteen (leoal values beino o to is, then 

is sateen bits, if any intermediate value of "index.. 
xceeds ,55 then an error has occurred as described n 

section B. 2. 2. 1.3. in 

The sec ° nd <><=<=»" "hen serial data is encountered uh en a 

c^ci::: s r. :i:r\;:r s if there are to ° — 

° Ck - Thls 13 actually detected in the 

Index to Data Unit. 

When any of these conditions arises, the error is noted 
m the Huffman error register an H t-H- D 

is int- OT -,- . ^ register and the Parser state machine 

Sta te M h " ^ ^ " S *™^ty of the Parser 

State Machine to deal with the error and to issue the 
commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 

™a°c n h- HUffman D6COder int — 

state Machine, it is possible that- * „ 

t-„ w — 16 tnat a new command is waiting 

he IZTT a l Che output ° f the parser s — 

ine nurrman Decoder w l l n^4- 

. . , ° aer Wl11 not accept this command for two 

-'hole cycles after it hac 

Marhi „ u . Xt has interrupted the Parser State 

Machine. This allows th*» d 3 „„ 

thp „ „ w thS Parser Stat e Machine to remove 

the command that was tharo , w • ^ 

was there (which should not now be 

executed) and replace it with an a „ • 
30 th « fl <- , appropriate one. After 

->u these two cycles the hm-p*™. ~ 

ycies, the Huffman Decoder will resume normal 

operation and accept a command if a valid command ±s 

If not. then it will do nothing until the Parser State 

Machine presents a valid command. 
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When any of these errors occur, the "h.,^— 

• ' tne Huffman Error" event 

bit is set and, if the mask bit is set t-h = u, „ • 
_„ . ... AS set , the block will stop 

and the controlling microprocessor will h- i . „ • 

t-ho n win be interrupted in 

the normal manner. 
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One complication occurs because in certain situations 
wnat loo,s like an error, is not actually an errQr> 
most important place where this occurs is when reading the 
macroblock address. It is i eoal ,• „ *. u. „ 9 

„ legal in the syntaxes of MPEG 

o H.261 and JPEG for a tvm^„ «. n*"*. 

ror a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
xnterrupted. The Parser State Machine's code must 
10 recognize this "no error" situation and respond 
accordingly. m this case, the "Huffman Error- event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. m this 
case, a "Token when serial expected error" would occur. 
Instead, a "no prmr" 

error error occurs m the way just 

described. 

Second, the Token is preceded by a few serial bits. m 
this case, a decision is made. if all of the bits 
preceding the Token had the value one (remember that in 
H.261 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs if 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 
when serial expected" error does occur. 

Third, the token is preceded by many bits. i„ this case 
the same decision is made. if all sixteen bits are one' 
then they are treated as padding bits and a "no error- 
error occurs. if any of them had been zero, then "Ran off 
Huffman Table" error occurs. 

. Another place that a token may occur unexpectedly is in 
JPEG, when dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
are. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. if, however, a new marker segment starts, then a 
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token win be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and, therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman Commands 

Here are the bits used by the Parser State Machine to 
control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included iri this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
operate as one coherent logical block. 
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ry 



3it 


Name 


Fv;nc:;on 


11 


Ignore Errors 


. Used to disable errors m certain ctrcumstances. j 


10 


Download 


Either nominate a :aoie (cr downlead zr sownioaa cata ; 
into that table. 


9 


AJutao 


Use information /rom the ALU reenters :o soecify the j 

i 

table number (or numeer of bits of FLO | 


8 


Bypass 


Bypass the Index :o Oata Unit i 


7 


Token 


Decode a Token rather than FLC or VLC l 


6 


First Coerf 


Selects first coefficient tnex for TcceK tide anc c:rer j 
special modes. ! 


I 

i D 

1 
1 


Special 


if set the Huffman Slate macn:ne snevd :a*e ever 1 
control. 


_ * ! 


VLC (not PLC) | 


Soecry VLC or FLC 


' i 


Tablepj | 


Soec:ry trie table to use for VLC 



Table B.2.2 Huffman Decoder Commands 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode, Ignore Errors, Download, Alutab, Token 
First Coeff, Special and VLC are all zero. Bypass will be 
5 set so that no Index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read. 

The numbers o to 12 are legal. The value zero does 
indeed read zero bits (as would be expected, and this 
10 instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
1 5 B.2.2 . 4. 2 Reading vi.r. 

In this mode, Ignore Errors, Download, Alutab, Token 
First Coefficient and Special are zero and VLC is one' 
• Bypass will usually be zero so that index to Data 
translation occurs . 
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in this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Tabl e[ 3:0) indicates which table to 
use as shown: 
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Table(3:0i 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



10x0 



10x1 



11x0 



11x1 



VLC Table io us© 



TCoefficient (MPEG and H.261) 



CBP (Coded Block Pattern) 



MBA (Macrobfock Address) 



MVO (Motion Vector Oata) 



Intra Mtype 



Predicted Mryp« 



interpolated Mtype 



H.261 Mrype 



JPEG (MPEG) OC Table 0 



JPEG (MPEG) OC Table 1 



JPEG AC Table 0 



JPEG AC Table 1 



Table B.2.3 Huffman Tables 



10 



sections oc= ur t „ ice If a n ;o n r d , SO 

built i»h^« ine JPEG decoder is 

- d Tab T b : four oc tabies and four - 

^lIJ will then be required. 

it " T '£ t3 > " the " ^ inPUt d "> - as 

H 2 61 " ° rdSr tableS '« correctly as 

"•"I style tables. In the case of Tabler 3 ■ o,=o th . 
appropriate Ring edification is also applied 
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As previously described, the action of reading a FLC of 

lt^: r das a No operation * 

is read from the ln put ports (either Token or Serial) and 
» -e Huffman Oecoder outputs a data, value of 2 ero a^ ng w th 
the instruction word. 

B.j.3,4,4 Traffic,-.,,,. ri . ^ t eo . fl .^j . r , 

HufTnL"' 2 !, 1 TC ° eEfiCient Tabl * ^ a special non . 

io tn rr r at is usea £or the " rst c"«tci.„ t in 

10 the Mock. I„ order to decode a Coefficient at the start 
of . bloc*, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the „any effects 
of the First coefficient bit is to enable this code to be 

decoded . 

Note that in nor.al operation, it is unusual to issue a 
Slmple " com ^ to read a Coefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 

B.2.2.4.5 Reading Token Bnr^. 

in order to read Token words, the Token bit should be set 
to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the TablefO] bit 
is to work correctly. 

in this mode, the bits Tablet 1 J and TablefO] are used to 
modafy the behavior of the Token reading as follows: 



Bit 


Meaning 


Taoie(O) Discard caceing stts of serial data 


Taoie(l| 


Discard all serial cara. 
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If both TablefO] and Tabled] are zero, then the presence 
of serial data before the token is considered to be In 
error and win be signalled as such. 

If Table fl] is set/ thfin all ser . ai di 

5 untu a Token Word is encountered. Mo error will be ™ 
by the presence of this serial data. 

If Tablefo, is set, then padding bits will be discarded 
is. of cpurse, necessary to know the polarity of the 
padding bits. This is determined by T . bl . [3] in exactly 
10 the same way as for reading VLC data. if Table C 3] is 
zero, input data is first inverted and then any ..one- bits 
are discarded. if Table [ 3 ] is set to one, the input data 
13 N ° T inverted and "one" bits are discarded. since the 
action of inverting the data depending upon the Table[3 1 
bit is conditional on the VLC bit, this bit must be set to 
one. if any bits that are not padding bits are encountered 
(i.e., »l» bits in H.261 and MPEG) an error is reported 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
xs the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 

B ' 2 - 2 ' 4 - 6 ALU Registers fip- eify T,hu 

If the "Alutab" bit is set, registers in the ALU's 
o register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


J tabfe(3:0| 


ALU table 


0 


xQxx 




0 


xixx 




1 


xOaoc 


cc.ftufljconiDid) 


1 


x\xx 


ac_hufTfcomoid) 
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In the^case of fixed length codes, the correct number of 
bits are read for decoding the vectors. if r si2e is 2ero 
a NOP instruction results. 

in the case of Huffman codes, the generated table number 
has tablef 3] set to one so that the resulting number refers 
to one of the jpeg tables. 

B - 2,2 - 4 -? Special TnatrueHnn. 

AH of the instructions (or modes of operation) described 
thus far are considered as "Simple" instructions. For each 
command that is received, the appropriate amount of inpu t 
data (of either serial of token data) is read and the 
resulting data is output. if no error is detected, exactly 
one output will be generated per command. 

In the present invention, special instructions have the 
characteristic that more than one output word may be 
generated for a single command. m order to accomplish 
thxs function, the Huffman Decoder's internal State Machine 
□ takeS C ° ntr0i and i««u. itself instructions as 

required until it decides that the instruction which the 
Parser requested has been complete. 

In all special instructions, the first real instruction 
of the sequence that is to be executed is issued with the 
specxal bit set to one. This means that all sequences must 
have a unique first instruction. The advantage of this 
scheme is that the first real instruction of the sequence 
is available without a look-up operation being required 
based upon the command received from the Parser. 
There are four recognized special instructions: 
• TCoef f icient 
3 0 • JPEG DC 

. ' JPEG AC 
• Token 

The first of these reads H2&1 ^ Mp£G Transform 
^ coefficients, and the like, until the end-of-block symbol 
is read. if the block is a non-intra block, this command 
will read the entire block. In this case, the "First 
Coefficient" bit should be set so that the first 
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! ; ! 0 h ! ° C " r ™ ShOUld ""-y "»™ been read and the 
First Coefficient" bit should be zero. 

in the case of an intra block in h.2.1. the DC tern, is 
read usino a ». impl .. instruction . to read the 8 bits FLC 

de^ibed l\ MPEG ' " JPEG ° C " SPSCial ^-struct L: 

described below is used. 

The "JPEG DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) 
It is also used in MPEG . The First Coefficient bit must be 
set in order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset 

The "JPEG AC" command is used to read the remainder of a 
block, after the DC term until either an EOB is encountered 
or the 64" 1 coefficient is read. 

The "Token" command is used to read an entire Token. 
Token words are read until the extension bit is clear. it 
is a convenient method of dealing with unrecognized tokens. 
B.2.2.4.8 Do wnloading Table* 

In the present invention, the Huffman Decoder tables can 
be downloaded by using the "Download" bit. The first step 
is to nominate which table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First coeff bits set. This is treated as an NOP so no bits 
are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 




As the above table shows, either the AC or DC tables can 
be ioaded and table(3) determines whether it is the codes- 
Per-bit ta bl e (in the Huffman decoder itself, or the Index 
to Data table that is loaded. 

once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of PLC 
(always s bits, with the Download bits set (and the rirst 

Till 2er0> ' ThiS CaUSSS the de = oded d «a to be 

written into the nominated table. An address counter is 

then nt t ned ' iS Uri " en " Che ™' address and 

then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated. 
When downioadin, the Index to Data tables, the data and 

addresses are monitored. Note thai- i-h« 

" oce that the address is the 
Huffman Index number while the data loaded into that 
address is the final decoded symbol . This information 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly, 
10 3 JPEG AC table > the data has the value 

corresponding to ZRL is recognized, the current address is 
written into the register CED_H_KEY ZRL INDEXO or 
CED_H_KEY_ZRL_IMDEX1 as indicated by the table'number . 

Since decoded data is written into the codes-per-bi t 
table one phase after it has been decoded, it is not 
Possible to read data from the table during this phase. 
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Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG). it is 
5 however, possible to build simulation tests that do this.' 
B.2.2.5 Huffman State Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux . 

The basic structure of the State Machine is as follows 
When a command is issued to the Huffman Decoder, it is 
stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. if the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set 
then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

DThe Parser state Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

30 command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
would then replace the field in the Huffman State Machine 
ROM. 

In case (l), in certain instances, table numbers are 
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l, e ; s ; n cas : ot ac ° c t.bi. „ umbers and F : 

r 13 that wh ^1 "as been stored it i « 

recovered again from the ALU since i„ 

counters will have advanced ^ J"'" 1 ' ^ 

block. erer to the next 

Since the choice of the next instruction that will be 
used depends upon the data that is being decoded, it is 
necessary for the decision to be ma de very late in a cycie 

the 9 J; 9Cneral "^"^ iS in «« ot 

the po..x W . instructions are prepared in parallel and 

i:::::::::: 9 late in the — — - 

Note that in each case, in addition to determining the 

in , t T StatS raach ^e ROM also determines the 

instruction that win be attached to the current data as it 
passes to the Index to Data Unit *nH i-h . 
exactlv fhc thSn ° nto the ALU - m 

exactly the same way, all three of these instructions are 
Prepared in parallel and then a choice is made late Z the 

Again, there are three choices for this part of the 
instruction that correspond i-« +u +u 

espond to the three choices for the 
next Huffman Decoder instruction above. 

DA constant instruction suitable for End of 
Block. 

2) The Huffman state Machine. The Huffman State 
Machine may provide an arbitrary instruction for 
the Index to Data Unit. 

3) The original instruction = * 

="-ruction that was issued by the 

Parser to start the instruction. 
B.2.2.S.1 r qb Comparator 

The EOB comparator's output essmiH.ii ~ 
nf put ess entially forces selection 

or the constant instruction to be nm,„ <. ^ _ 
na «. a „ . co ° e Presented to the Index to 

Data Unit and will also cause the neyt w.,** 

tne next Huffman Instruction 
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to be^the next instruction from the Parser. The exact 
function "of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. m the case of the DC tables, there is of course 
no End-Of -Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, 1, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B.2.2.5.2 ZRL Comparator 

in the present invention, this is the more general 
S purpose comparator. it causes the choice of either the 

^ Huffman state Machine instruction or the Original 

jy Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261). 

The constant zero is used in the case of an FLC. The 
constant 12 is used whenever the table number is less than 
8 (and VLC) . one of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

.If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

35 B,2 - 2 - S -^ Huffman s tate Hgehin, unu 

The instruction fields in the Huffman State Machine are 

as follows: • • 
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nxtstatef 4:0] 

Th. . address to use in the next cycle. This address may 
be modified, 
statectl 

Allows modification of the next. state address. if 2ero 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 

two comparators as follows: 



nrtstate(O) 




0 


Replace Lso by EOB match 


1 


Replace Lsb by ZRl match 



10 



15 



Note: ln any case, if the next Huffman Instruction is 
selected as "Re-run original command" the state machine 
will jump to location 0, 1 , 2 or 3 as appropriate for the 

command . 

eobct f 1 : 0 J 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 

f ol lows : 



eobctl[1:0] 




00 


No effect * see zric;i[l:0| 


01 


Take new (Parser) command if £09 


10 


Take new (Parser) command if extn iow 


11 


Unconcilional Oemux Instruction 



zrlctf 1:0] 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. if the 
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condition i s . u 

instruct,* " thS state "Chin, 

in .itH ' oth «" 1 " " "-run. the original instruction. 

instruction then this (eobctl.*, takes priority as follows- 



zrlcUprO) 




00 


Never take SM (always re-run) 


01 


Always take SM command 


10 


SM if 2P.L maic^es 


11 


SM if Z&L does not match 



^=3 
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smtab ( 3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However if 
the ZRL comparator matches, then the Z rltab(3:0J field is 
used in preference. 

Iff it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab C 3:0] and zrltab { 3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
m Lsim. m the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
xndex number for ZRL (a JPEG only construction) . However 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3: 0 ] and Z rltab(3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

2rltab(3 :oj 

This is the table number that will be used by the Huffman 
decoder if the selected instruction is the state machine 



428 

instruction. However, if tne ZRL comparator matches then 
the 2 rltab(3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and 2 rltab(3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsxm. m the case Qf Mp£G> there ^ ^ 

requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0] and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab[ 3 : 0 ] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machin= 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction. 

aluzrl [1:0] 

This field controls the selection of the instruction that 
is passed to the ALU. It will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 

machine : 



aluirl[1:0) 




00 


Always take tn. saved Ptrser State Machine 


0 ' | A.w ays ,ake me Huflman Sune Machine Comma „„ 


,0 | 


Take the Httfman SM command rf not EOB 


" | Take tfte Huftrnan SM command if nm 7o, 



to ™;~ W A r ; I*"" 01 * "«' i »«"»n «*. instruction passed 
to the ALU based upon the EOB comparator. This simolv 
forces the ALU's output mode to ., input .. V."* 
arbitrary choice; an y output mode apart Iro . ■•none, win 
: ^ ThiS iS '» «-« the e„a-„ f - lock ^ 

-ord 1S passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 




Force 'zinpur into outsrc it BOB 



match 



The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 

description . 

B.2.2.5.4 Huffman staf K»rhi n e Modifir..,-.. 

In one embodiment of the state machine, the Index to Data 
Lnit needs to "know" when the RUN part of an escape-coded 
Coefficient is being passed to the Index to Data Unit 
While this can be accomplished using an appropriate bit in 
the control ROM , but to avoid changing the ROM, an 
alternative approach has been used. m this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with the RUN field. Of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover 
the" aforedescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd". Logically, »hd» actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation,. Accordingly, .. hd „ includes tne following 
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ajor blocks; 



Table B.2.6 Huffman Modules 



Module Name 


| Oescrroticn 


i 
i 




Huffman Cecooer (Antnmetic) dataoatn 


i 


ndstdo 


Huffman State Macnme Cataoam j 


hfltod 


index to Data Unit , 
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The following description of the Huffman modules is 
accomplished by a global explanation of the various 
subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

B. 2. 2. 6.1 Descr iption of "hd" 

The logic for the two-wire interface control usually 
includes three ports controlled by the two-wire interface; 
data input, data output and the command. In addition 
nj there are two -valid" wires from the input shifter; 

U token_valid indicating that a Token is being presented on 

in_data[7:0] and serial_valid indicating that data is being 
15 presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 
20 those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
when a primitive Huffman command is completed. In the case 
when a Huffman State Machine command is executed, "done" 
will be asserted at the completion of each primitive 
command that comprise, the entire state-machine command. 
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signal notnew prevents the acceptance of a new .„ 
from the" Parser «;i- a f „ • ■ command 

state H.chi™ co-TV " ntil entlre Huff -" 

cnme command is completed. 

oac, to the T u « i " SiZe " fiSld is ^ 

^ 1 tovaudl indicates that- 
sianal tftat tnis is occurring. The 

sr- " ~; 

size, as mentioned above th*ro = >- 

which this is done Either " ^ ^ in 

- or jp egeobO. J ' J f ^ ^ iS — <« ^ -^.1, 

i. -e (jpe geo b)( the ^tc, 1^ T" ' 

data is fed back and - , only loaded as the 

fed back not cleared until a new Parser Stat. 

Machine command is accepted. The «ia„*i , 

actually signal forceeob does not 

actually get generated until « u,,** 

--'Thus, the fixed length code uTZTl^ ' 
affected, but the next Huff ' 13 " 0t 

replaced bv tn „ Huffman coded information is 

replaced by the forced end of block Tn *-h- ~ 

, . 10CK - In the case when size 

is one and jpegeobO is usori y 

therefore, i J S5 J" ^ ""^ bit is «•» and. 

o :zr t, e .- NO te u-Mr:.^- vr. 1 ^ 

P roVu=e d ro d eV;;v airiy rand °- dec ° ding ° f th « — «» 

. L ti: 0 null a '"a"""" deCOdi " 9 Usi "° Tc °°« ™ • 

operation "::i d C .! din9 US1 " 9 "» MBA «•"•) «- nop ( no 



A 



u / • inere are sevpr^i 

««- ie„ gth code o" "V. Ie o "~ ""^ 

size zero is one, the forceeob 
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( r ce h no data shouid ™- — 

EOB) and lastly ^d " iS to s ignal 

notfr«.ro , ^load nomination is a third. 

rrc2ero (generated by a ft r 
ensures that the result is * N ° P) 

used. Furthermore • ' N ° P Auction is 

rCnermore - ^vert indicates when the serial hit- 

e appl led (see section B. 2. 2.1.2) 
Decoding is also accomplished regarding addressing th. 
=odes-per-b a t ROMs . These are built out of the slall L 
path ROMs . The si CT ,i small data- 

-la, purely to get s Uff are dUPli <= a " d <'■"■■ «=•!» and 
into two sections Th/toT ^ * """"^ "»"■ 
the bit counter ( hit p.":":; 7" "* t "" n <«» 
interface address (Kev-addj'on h mi "°P-cessor 
« the bloc, being 5 eie ct ed ' Pendl " 9 " P °" WI 
Additional decoding is concerned with the UPI read i 

i-wi jftG tables (EOB zrt of,, \ 

tri „ a . . . 1 ' ZRL etc -). Also included is a 

cristate driver mnf>-«i * Xi5 a 

r M H- / 1VSr con trol for these registers and the UPI 

reading of the codes per bit RAMs 

Arithmetic datapath decoding is also provided for certain 
important bit numbers. first hi*- • certain 

2 5 with the Tcoeff first coeff " C °" necti - 

first coefficient trick and bit five i s 

:::z: 0 :t appiying the ri - - t ab r e NO 

the use of forceeob to simulate the action that the EOB 
comparator matches the decoded index value. 
Regarding the extn bit- s ^ ^ 4- , 
30 shifter then th 13 fr ° m the in P ut 

it otK aSS ° Clated SXtn bit i- -ad along with 

J • ° therwise ' ^e last -value of extn is preserved This 
allows the testing of the extn bit by the mLo 7 
= +■ y ne microcode Droar^m 

at any time after a token has been read. Program 

When zerodat is assprteH fK « 
5 Huffn, asserted, the upper four bits of the 

Huffman output data are forced to 2ero w 
have va n. , . Since these only- 

nave valid values when decoding fi xed 1<ln „,. K „ 

- -roed when decoding a vjc. a LeTor ZT ^ 
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instruction 



15 



20 



is executed for any reason. 
tw„ neraCes the "1="=" signals. Essentially, there are 

exceptional reasons. These are each handled by one of the 
two three way multiplexers. 

reasons 'T;,;^"' 1 "" U - 1275) h ^ «»• -r.al 

ThlsTs th ° f 3 FLC ' ^ Sl9nal " dnfl = is "«"• 

This is the output o( the comparator comparing the bit 

counter with the table number. m the case of a VLC. the 
ignal ndnvic is used. Thi s is an output from the 
arithmetic datapath and reflects directly Equation 9. ln 
the case of an NOP instruction or a Token, only one cycle 
••doneT red Cheref ° re ' th * astern is unconditional 

In the present invention, the upper multiplexer (1 l 2 74, 
handles exception,! cases. !f the decoder is expect, 
size to be fed back (fbexpctdo, in JPEG decoding an(J J 

J; 1S 0n ;. "»"*•"•<» • "en the decoder is done because 
only one bit is required. If che decoder is „ 

first bit of the f > ,-„„«,■ ■ 9 

tlrst Efficient using the Tcoeff table 
it is done if bit zero of the current index is zero ,..1 
Section B . 2 . 2 .!. 2) . „ neither Qf chese conditions <»• 

then there is no exceptional reason for being done. 
The NOR gate ,i_i 293) finally 

the data is not valid, forces ..done". Thi s may seem a 

force the " jU " «"« «•« to 

force the machine into its "done., state in preparation for 

the f.rst command ("done- resets an counters, registers, 
etc. , . Note that any error condition also forces "done" 

The signa! notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 

"done"" 9 Srr0r " d ° ne " " f0r " d any "^' Th * «~ of 

done would give a combinatorial feedback loop 

Error detection and handling, is accomplished by 
circuitry which detects all of the possible error 



conditions. These are ORed together in i_H90. In this 
case, i_ll93, i-585 and i_584 constitute the three bit 
Huffman error register. Note i_1253 and i-12 54 which 
disable the error in the cases when there is no "real" 
error ( section B . 2 . 2 • 3 ) . 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of* the first command after an error is detected. 

As previously indicated, control signals are delayed to 
match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit, It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 
(rather than each time one of the primitive commands 
completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too). This also must only be asserted once. 

In addition, these bits must only be asserted for ALU 
instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of "cc" in a DATA token. 

In the illustrated embodiment of the invention, either 
alunode[l] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27 , illustrates the Huffman 
State Machine datapath referred to as "hdstdp". There is 
also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B.2.2.4.6). 

The modification of aluinstr [ 3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huff-man 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
••simple" command) . The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU. 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM . 
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B.^tr riti °" °' ""P--™ is described in Section 
Decoding also provides for the registers that ho,* 

£ -^r r ::e loade : f rom the upi or c - — ::: 

aing ln the center (es [ 4 : o J and zsf3-oi i . 
^nerat.ng the select signals for the mulcipl ' ^ 

select Which register or constant value to co/pare aga nst 
the decode Huffman Index. y 

10 M a= R h e9ardin9 C ° ntr01 l09iC E ° r the H "«-n state 

* h Here the Mts frM t h e , uff 

state Machine ROM are combined with various conditions to 
determine what to do next- ,nH k 

h °" C ° ™° difl ' the i"-tru=tio„ 

" notold" 6 PCeSent inVenti °"' the »W- notnew. nets, and 
Ztllno "r ° n She " 10 C ° C ° ntr01 thS OP'"""" ot the 
in an b """"" "^"^ «"»«t.d here 

in an obvious manner fro* the control bits in the state 

machine ROM (described in Section B 2 2 <i -i i t- 

n ctlon B.2.2.5.3) together with 

the Huff - ind - — — * an : 

Selection is also acco m pli shed of tne source fQr 

lnS rUCU ° n PaSSSd t0 the ALU " Th. actual multiplexing is 
Performed in the Huffman st-t- Machine ^^/^ " 

- Four control signals are generated. ' 

in the case when the end-of-block has not been 
enc tered , Qne of aluseidmx (seiecting ^ 

late mar" 110 ^ °* ^ «««„„ 

state machine instruction) win be generated. 

in the case when the end-of -bloc* has not been 

encountered, one of aluseleobd (selecting «-h „ 

M ._ H j (selecting the Parser State 

State T 1 h nStrUCtl ° n) ° r — leobs (selecting the Huffman 
State Machine instruction) will be generated. In addition 
the "outsrc" field of the ALU instruct 

forcp it f „ . instruction is modified to 

iorce it to "zinput". 

A register holds the nominated table n., m w 
rio^„i~ ° ie number during table 

download. Decoding is provided for the ™h 

r tne codes-per-bit RAMs . 
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Additional decoding recognizes when symbols like EOB and 
ZRL are ^downloaded so that the Huffman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
correct number of bits have been read when reading a FLC. 
B.2 .2 . 6.2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob(7:0) and mzr[7:0]) select which value to 
use and the exclusive-or gates and gating constitute the 
comparators . 

Adders and registers directly evaluate the equations 
described in Section B.2. 2.1. No further description is 
thought necessary here. An exclusive or is used for 
invertin 9 tne data U_807) described in Section B.2. 2. 1.1. 
g The "code" register is 12 bits wide. A multiplexing 

arrangement implements the "ring" substitution described in 
Section B. 2 . 2 . 1 . 2 . 

Regarding the pipeline delays for data and multiplexing 
between decoded serial data (index[7:0]) and Token data 
(ntoken0[7:0]) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 
2 5 because the table select information arrives late. All 
tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 
30 B.2. 2. 6. 3 De scription of "hdstdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
35 Formatter. It only processes about half of the instruction 
word that is passed to the ALU , the remainder being dealt 
with by the other module "hdstmod". 
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"Hdstmod" includes the Huffman State Machine ROM . Some 
bits of this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
remainder of the circuitry is concerned with UPI read 
access to half of the Huffman state Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
the present invention, sits at the end of the Huffman 
block. its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN. 



B.2.3.1 The Mi 
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croinstruction Word 



Table B.2.7 The Microinstruction 
word consisting of seven fields 



O 
OH 

ASS. 



n 



.^e;d Name 


Bus 


Token 


0:7 


Mask 


8:n 


Slock Type (3t) 


12::3 


.ErernaJ Extn (Ee) 


14 


Oemux Erin (De) 


15 


End of SIock (Eb) 


16 


Command (Cmd) 


i 



17 15 15 14 



12 



>ndj Ed 



De 



Bt 



Mask 



Token 



The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
B.2.3.2 Operating Modes 

Table B.2.8 Bit Allocation 



Cmd 


Mode 


0 


Oau.vvord 


1 


Data. Token 
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B. 2. 3.2.1 n a ta WorH 

In t"his .ode, the top el , ht bits of the , npuc 

the output. The botton, eight bit, will be either the 
bottom el ght bits of the . npu ^ ^ xoken ^ 

Microinstruction word or . ,i«ur e of both, depending on 
the mask field. Mask represents the number of input bits 
in the mix, i.e. 

out_data [ 16 : 8] =in_data [16:8] 

out_data { 7 : o ] = (Token [ 7 : o J & ( f f «mask) ) indata [ 7 • o ] 
When mask is set to o x 8 or greater, the output data 
will equal the input data. This mode is used to output 
words in non-DATA Tokens, with mask set to 0, out_data f 7 • o ^ 
will be the Token field of the Microinstruction word. This 

0 rnode is used for outputting Token headers that contain no 

1 f WhSn T ° ken headers d ° contain data, the number of 
m bltS is given b y the mask field. 

£ If External Extn(Ee) is set, out_extn=in_extn , 

5=3 otherwise 

fn 

q out_extn=De.Bt and Eb are "don't care". 

3 20 B.2.3.2 .2 Data Token 

g This mode is used for formatting DATA Tokens and has two 

K functions dependent on a signal, f irst_coef f icient . At 

g reset, first_coeff icient is set. when the first data 

□ coefficient arrives along with a Microinstruction word that 

2, has cmd set to 1, out_data [ 16 : 2 ] is set to o x 1 and 
out_dataci:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, rl and 
first_coefficient takes the value of Eb. When the next 
coefficient arrives, out_data [ 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and f irst_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and Eb is set, first_coeff icient is set, 
3= ready for the next DATA Token, i.e., 
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■-!-'irit_eoeffi ei8at , 



°ut_daca(l:0] * 3CC1.0J 
^(16:0) . in_d«t«[l S; 0] 



) 

else 

( 



} 

out -«xta - -cfa 



B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
actually supplied by other circuitry. The « B f field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
" CC " ° r ' ,COlor c °»P°nent». Thus, when a DATA Token header 
is constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb» bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 
when one is assumed because the last coefficient in the 
block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 
only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 

way 



i 



10 



442 

B.2.4 ^The Parser state Machine 

The Parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 
this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. if the jump is not 
taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
jy microcode ROM) and, in addition, it may be inverted (again 

a bit in the microcode ROM) . The resulting signal selects 
between either the incremented address or the jump address 
S in the microcode ROM. One of the conditions is hard-wired 

5 t0 ev *l u ate " "False". if this condition is selected, no 

g jump will occur. Alternatively, if this condition is 

U selected and then inverted, the jump is always taken; an 

25 unconditional jump. 
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Table B.2.9 Condition Code Bits 



Name 



Cescnodcn 



userpj 



userh J 



><gr.; 



coo_scec:al 



Connect to a reg.st-r rroc/arrrrazte =y - e user ?w. 
the rrJcroofoceisof .nr-riace. They allow \ se r ce.V^ : - 
condition codes wai can re :es:ec wi:n i.rre cverea:. 
Two are denned to control non-s;ardafd 'Ceded Siocx 
Par.em' processing for exoer:rr.en:ai 4 C !ccx and 3 riccx 
macrcclock structures. 



he(0) 



These oils connect arec-jy to tne r^nan cecccefs 
Huffman Error register. 




Zero 



Sign 
False 



The -Sticky Change Oe:ect ct 



ALU zero condition 



ALU s;gn condition 



Hard wired to raise. 



B.2.4.1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. m addition, condition codes 
are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
it to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 
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the feedback wire from the ALU becomes asserted. This 
wire, fb_valid, indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data 
without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e., the ALU in 
this case) is uncertain. 
15 Not all instructions are passed to the Huffman Decoder. 

Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
m the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 
£ 2 0 no requirement that the Huffman Decoder accept the 

g instruction and, therefore, execution can continue in these 

^ circumstances even if the pipeline is stalled. 

G B.2.4.2 Event Handling 

There are two event bits located in the Parser State 
2= Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
30 Parser Event by setting this bit. Typically, the 

instruction that does ■ this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt . 

35 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. if the instruction that caused the event has a 
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jump instruction (whose condition evaluates true) then the 
Dump is taken in the normal manner. Hence, it is possible 
to jump to an error handler after servicing by coding the 
j ump . 

5 A Huffman event is rather different. The condition being 

monitored is the "OR" of the three Huffman Error bits. l n 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 
10 occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 
15 handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handl ing . 

It is possible for huffintrpt to be asserted without a 
2 0 Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). since the Huffman error 
register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 Special locations 

There are several special locations in the microcode ROM. 
The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 
3 5 a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_H_TRACE_RST in CED_H_TRACE. 
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In this case, the coding_std register is not reset and 
control passes to t-h~ reset and 

locations appropr.ate one of the first four 

The second four locations (0 x 004 to 0 x 007) ar e used 
■ «h.n a „uff ma „ interrupt takes place Typ «d 

the actual error handler is placed in each of . thesl 
locations. Again , the cnoice of location 
result of the. coding standard. 
B.2.4.4 Tracing 

This S , a i 1 dia9n0 " iC ald ' " " aCe "<*•"*« *• implemented. 
Th 1S aliows the microcode to be s ingle-stepped . The bits 

CEO H_ TRA CE_EVE NT and CED_H_TRAC£ MASK in the register 

operat-e" CE C0 " tr01 ^ »— ' "h\\ 

operate ln a very sunil ar fashion to the normal event bits 
However, because of several niff 

l-pi inr B . ■ several differences (in particular no 

the oth 15 SVer gene " ted ^ ^ •« not grouped with 

the other event bits. 

is T s h e Vr Cin9 meChaniSm 13 tU " e d on when CED H TRACE MASK 

^ t0 AftSr Sach -icrocod. instruction is'read 

from the ROM, but before it i c 

Decoder a ^ Presented to the Huffman 

uecoaer, a trace event occurs m 

CED_H TRACE EVENT becomes one It m „ k 

cwumes one. it must be polled because 

no interrupt will be generated. The entire Microcode word 
is available in the registers CED H KEY 0„x WORD o through 
CE0.H KEV. D „X_ TORD _ 9 . The instruct-ion-can-be Edified It 

tnis time if required wn>i«« 

Muw , ^ quired. Writing a one to CED_H_TRACE EVENT 

causes the instruction to _ 

n 1:0 °e executed and clears 
CED_H_TRACE EVENT. Shortly after t-h • «. • clears 

iy a *ter this time, when the next 
microcode word to be executed h a= w 

executed has been read from the ROM, 
a new trace event will occur. 
B-2.5 The Microcode 

The microcode is programmed using an assembler »h PP » 
which is a very simple tool and much of the abstraction is 

achieved by using a macro preprocessor- » «. ^ 

t"=Hcocessor. a standard "c" 
preprocessor " cpp » may be used for this purpose. 
The code is instructed as follows: 

Ucode.u is the main file. First thi, • 

first, this includes tokens . h 



to define the tokens. Next, regfile.h defines the ALU 
register map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
that are used in the code are defined. After this step, 
mstr.u is included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors . h 
defines the numbers which define the Parser events. Next 
unword.u defines the order in which the fields are placed 
to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B . 2 . 5 . l The Instructions 

In this section the various instructions defined in 
ucode.u are described. Not all instructions are described 
here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 
B - 2 - 5 - 1 ' 1 — Huffman and indav i- 0 Data Tnstruction. 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 
Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; H_TOKSRCH 
H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKREAD ' 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_TOKREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
The associated command is repeated for each word of the 
Token. H_TOKSRCH discards all serial data preceding a 
Token and then reads one token word. H_TOKSKIP_PAD skips 
any padding bits (H.261 and MPEG) and then reads one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 

H_FLC(NB) reads a fixed length code of "NB" bits. 

H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC (tcoef f ) ) . 
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H_FLC IE(NB) is like H_FLC, but the "ignore errors" bit 
is set. ■ 

H_TEST_VLC(TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_si 2e and r.bwdrsiw, 
respectively . 

H_DCJ reads JPEG style DC coefficients, the table number 
from the ALU. 

H_DCH reads a H.261 DC term. 

H_TCOEFF and H_DCTCOEFF read transform coefficients m 
H_DCTCOEFF , the first coeff bit is set and is for non-intra 
blocks, whilst H_TCOEFF is for intra blocks after the DC 
term has already been read. 

H NOMINATE (TBL) nominate*? * i-=»wi^ * 
_ numinaces a table for subsequent 

download . 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
B. 2. 5. 1.2 AL U Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load- 
instruction is used. m the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x. , i.e., 
the destination is listed first and the source second: 
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Table B.2.10 Letters used to denote possibl* 
sources and destinations of data 



Lertftr 1 Mear,r.g 


A 


A register 


R 


Run reg:s;er 


1 


Data incut 


O 


Data Ourcut 


F 


ALU register F*le 


C 


Constant 


z 


Constant of zero 



fU 



10 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. if the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. in this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LD A_ AAD D F ( RA ) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
15 the bit indicated in the RUN register, and stores the 
result in the A register-. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
" CLRA " is used for clearing the A register, "RMBC" to reset 
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10 



the macroblock counter. These ar<* f air i„ w • 

« inese are fairly obvious and are 

described in comments in instr.u. 

One anomaly is the use of a suffix "_0" to indicate that 
the result of the operation is output to the Token 
formatter in addition to the normal action. Thus 
LDFI_0(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_I(RA) if desired. 

B ' 2 - 5 - 1 - 3 Tofcen For matter Tn 9 trucfci» WQ 

This is the T_N0P "No-operation" instruction. This is 
really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
U output to the Token Formatter, 

gj 15 T-TOK output a Token word. 

00 T_DAT output a DATA Token word (used only with the 

« Huffman State Machine instructions) . 

| T-GENT8 generates a token word based on the 8 bits of 

constant field. 

T_GENT3E like T_GENT8 , but the extension bit is one 
T_OPD(NB, NB bits of data from the bottom MB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_OPDE(NB, like T_OPD, but the extension bit is high. 
T_OPD8 short-hand for T_OPD(8) 
T_OPD8E short-hand for T_OPDE(8) 
B.2.S.1.4 Parser State Mi fl h<n. inatmrf^.. 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
30 nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP, but waits for feedback to occur. 
The simple jump group. Mnemonics like D_JMP ( ADDR) and 
_ D_JNX (ADDR) jump if the condition is met. The instruction 
is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP (ADDR) and 
D_XJNX(ADDR) • These are like their simple counterparts 
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above ^ but the instruction is output to the Huffman 
Decoder . * 

The jump and wait group. Mnemonics like D_WJNZ ( ADDR) . 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B.2.11 Mnemonics used for the conditions 
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■ca. 



5—5 



Mnemonic 



J MP 


| Unccncitionaf jumo 


JXT 


J ' N * -uff o " extn=l (extn=0) 


JHEO 


JNH -° -" m P : ' Huffman errcr bit o set (clear) 


JHE! 


wNHSl Jumo >' Huffman error bit i set (dear) 


JHE2 


JNI ^^ - urr 3 ! ' Huffman errcr s»r 2 set (dear) J 


JP'N 


Jumo if partem softer L33 is set 


JPfCST 


-Nr^.^o i wU rr:o ;s at picture s:an (not at oic:ur* srarr) j 


JP-S73T 


JNRS , Jufr:) at s;aft of res;an )merva( fno( af 




JNCP9S 


Jumo .f not soeciaJ CP9 cooing 




jNCPsa 


jumo .f not 8 block (i.e. 4 block) macrcCfock 


jMI 


JPL 


Jumo if negative (jumo if plus) j 


JZc 


JNZ 


Jumo if zero (jumo if non-zero) | 


vCHNG 


JNCHNG J jumo ,f cnange ceteci bit set (ciear) 


JM3ST 


JNM9ST 


Jumo if at start of macrobiock (not at stan) | 
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D_EVENT causes generation of an event. 

causes^ ^ COn ' trUCtlon ° f * instruction. This 

"fit" an ; h Vent . and then ^ to a location with the label 
dflt . This instruction should never be executed since 
hey are used to fill a ROM so that a .ump to an unused 
location is trapped. 

D_ ERROR causes an event and then jumps to a label 
srch.dispatch" which is assumed to attempt recovery from 
the error. 




SECTION B.3 HUFFMAN DECODER ALU 
B.3.1 Introduction 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block. it has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. it also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 36-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8-bit 
constant port (which actually resides on the token bus). 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through "the 
ALU datapath. There is a single bit within the 

microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_data) . There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface. 
B.3. 2. 2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 
Input block 4 00 
Output block 4 01 
Condition Codes block 402 

"A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
Adder/ Subtracter 405 with source multiplexing 
Sign Extend logic 4 06 with source multiplexing 
Register file 407 
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bus!s .« i„ t «„ h"* Chr ° U9h th "'-"-P»'». these 

bloc, souses ro'r U eT 7 """^ " for 
urces. For example, the adder output has it- 

bus Li r ich is one of the - 

register. Likewise, the A register has its own bus which 
forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect as 
specified in Section 7 on the microinstruction word ' 

in a single 'cycle, it is possible to execute either an 
add-based instruction or a sign-extend-based instruction. 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
parallel. r n other words, add then sign extend or sign 
extend then add sequences are not allowed. The register 
file may be either read from or written to in a single 
cycle, but not both. 

The output data has three fields: 
• run - 6 bits 
' sign - i bit 
level - io bits 

If data is to be passed straight through the ALU, the 

least significant 11 bits of the irm.,h h**- = 

wc tne input data register are 
latched into the sign and level fields. 

It is possible to program limited multi-cycle operations 
of the ALU. m this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 
counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register. 

B.3.3 The Adder /Subtractor Sub-Block 

This is a 12-bit wide adder wii-h < , . 
• fc „ ' Wltn °Ptional invert on its 

input2 and optional setting of the car™ ; - 

* tne ca rry-m bit. Output is 
a .12 bit sum, and carry-out is not used Th-,-- 

aea - There are 7 modes 
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of operation: 

ADD: add with carry in set to zero: inputl + input2 
ADC: add with carry in set to one: inputl + input2+l 
SBC: invert input2 , carry in set to zero: inputl - 
input2 - l 

SUB: invert input2 , carry in set to one: inputl - 
input2 

•TCI: if input2<0, use SUB, else use ADD. This is 
used with inputl set to zero for obtaining a magnitude 
value from a two's compliment value. 

DCD (DC difference): if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add): if inputKO do ADC, 

otherwise do SBC. 
B.3.4 The sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. size is a 4 bit 
value ranging from 0 to n «, relates to the least 
significant bit, 11 to the most significant). Output is a 
12 bit modified data value, and the "sign" bit. 

In SGXMODE=NORMAL , all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. sign takes the value of the size- 
th bit. For example: 
data = 1010 1010 1010 
size = 2 

output = 0000 0000 0010, sign=0 

In SGXMOD=INVERSE, all bits above (and including) the 
sxze-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = o 

output = mi im sign = 1 

In SGXMODE=DI FMAG , if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged, if the size-th bit 
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01 
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0tl - bits r emain unchanged. In both cases, sign 

takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example: 

data = 0000 1010 1010 
size =2 

output = 0000 1010 1101, sign = l 

data = 0000 1010 1010 
size = i 

output = 0000 1010 1010, sign = 0 

in SGXMODE=DIFCOMP, all bits above (but not including, 
the size-th bit, take the inverse of the size-th bit, while 
all those below (and including, remain unchanged. sign 
takes the inverse of the size-th bit. This is used for 
obtaining two's compliant values for DC difference values. 
^ For example: 

rU data = 1010 1010 1010 

™ size = o 

output = mi im 1110/ sign = 1 

j=j 20 B.3.5 Condition Codes 

ThSre a " tW ° b ^ tes < 16 bits, of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 

the Zero condition code th*> Fv-t-^^^; 

ae ' cne Extension condition code and 

2 5 a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
each, of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simniv ^; 

^impiy the sign extend sign 

output latched, while the Zero condition code is set to 1 
xf the input to the A register is zero. The Extension 
3o condition code is the input extension bit latched 
regardless of OUTSRC. 



30 



Condition codes may be used to evaluate certain condition 
types : 

result equals constant - use subtract and Zero 
condit ion 

• result equals register value - use subtract and 
Zero condition 

register equals constant - use subtract and Zero 

condition . 

• register bit set - use sign extend and Sign condition 
•result bit set - use sign extend and Sign condition 
Note that when using the sign extend and Sign condition 

code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND. 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_start, Pattern_Code, Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below. it 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI . a number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but for. 
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part of ^the address map for the UPI. Some multi-byte 
locations (denoted in the table by "0" for oversize) have 
a single ALU address, but multiple UPI addresses. 
Similarly, groups of registers which are indexed by the 
component count, CC (Indicated by I" i n the table) are 
treated as a single location by the ALU . This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
15 are denoted in the table by » M « , and those which are also 
counters (n-bit) are annotated with Cn . 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 
location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T"), 
i.e., not only through the keyhole registers. These two 
33 locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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alL I - 9 10 ThS main table 

allocations for MPEG, and the ttfo repeated sections give 

the variations for JPEG and H.261 respectively. 
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37 


ac nutt 3 


| M.I 


79 


hi 


1 

1 t 




38 


tqO 


j M.I 


7A 


h2 


1 J 




39 


tql 




M.I 


78 


h3 




1 | 3A 


tq2 


1 M.I 


7C 


vO 






3B 


tq3 




M.I 


70 


vl 






3C 


CO 




M.I 


7E 


v2 






30 


cl 




M.I 


7F 


v3 | j 
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JriMj Variations: 





10 


horiz pels 1 






11 


horiz pels 0 






12 


ven pels 1 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate 1 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


H26 1 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay 1 






21 


vbv delay 0 






22 


pending frame ch 






23 


restart index 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 







Table B.3.2 JPEG Variations 
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2B 








2C 


ftrsc scan 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.2 JPEG Variations 



H.261 Variations 



IS 


10 


hon7 n**Ic I 






1 1 


hori7 n^Ic n 






12 


vert n^l« I 






13 


▼ tit pC15 U 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate I 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


tt2bl picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay 1 






21 


vbv delay 0 






22 


full pel fwd 






23 


full pel bwd 






24 j horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 








IB i 

t«ku a 


n gob 
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2C 


first group 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.3 H.261 Variations 



B.3.7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
p 5 controlling a different aspect of the structure described 

OS above. The total number of bits used in the instruction 

word is 36, (plus i for the extension bit input) and 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
10 maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 



HE ! 



a 
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m 



r 3 




detect) 



HOLD 
CLEAR 



update change detect if REGMODE is 
WRITE 



do not update c hange detect bit 
reset change detect if REGMODE is READ I 



i 

0~ 



Table B.3.4 Table 2: Huffman ALU 
microinstruction fields 
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RU.NSRC 



(run source) 



RUNMODE 



-RUN IN 



ADD 



LOAD 



drive run i/p onto run register i/p 



HOLD 



lASRC 



(A register 



ADD 



INPUT 



drive adder o/p onto run register i/p 



update run register 



do not update run register 



drive adder o/p onto A register i/p 



drive input data onto A register i/p 



5GXMODE 



(sign extend 



mode - ses 



section 4) 
SIZES RC 



NORMAL 



INVERSE 



DIFMAG 



(source for 



DIFCOMP 
CONST 



do not update A register 
sign extend with sign 



sign extend with -sign 



invert lower bits if sign bit is 0 



sign extend with -sign from next bit up 
drive const, i/p onto sign extend size i/p 



drive A register onto sign extend size i/p 



00 



01 




00 



01 



10 



1 1 
00 



REG 



drive reg.fiic o/p onto sign extend size i/p 



size input) 



RUN 



SCXSRC 
(sgx input) 



INPUT 



ADDMODE 



(adder mode 
see sect. 3) 



A 
ADD 



ADC 



SBC 



drive run reg. onto sign extend size i/p 



drive input data onto sign extend data i/p 



drive A register on to sign extend data i/p 
input 1 + input2 



input 1 + input2 + 1 



input 1 - input2 - 1 



11 



1 

oco 



001 



010 



SUB 



input 1 - input2 



TCI 



SUB if input2<0. else ADD - 2 



s comp. 



011 



100 



DCD 



ADC if input2<0, else ADD - DC diff 



101 



VRA 



ADC if input 1<0. else SBC-vec resid add 



110 



ADDSRCI 



drive A register onto adder input 1 



00 



(source for 



REG 



drive register file o/p onto adder i/p I 



01 



adder-i/p 1 - 



INPUT 



drive input data onto adder input I 



non-invert) 



ZERO 



drive zero onto adder input I 



ADDSRC2 



CONST 



drive constant i/p onto adder input2 



00 



(source for 



drive A register onto adder input2 



01 



inverting 



INPUT 



drive input data onto adder input2 



10 



inout) 



REG 



drive register file o/p onto adder i/'p2 



1 1 



CN DC- 
MODE 



TEST 



update condition codes 



Table B.3.4 Table 2: Huffman ALU microinstruction fields 



466 



(cond. codes) 


HOLD 


do not update condition codes i ~~ 


CNTMODE 
(mbstructure 


NOCOUNT 
BCINCR 


do not increment counters 
increment block counter and ripple 


xoo 
~ooi 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset ail counters in mb structure 


ron 




DISABLE 


disable all counters 


1XX 


INSTMODE 


MULTI 


iterate current instr multi times 


0 




SINGLE 


single cycle instruction onlv 
1 


' 1 



T, bl . B.3.4 Tat,!. 2I „ uffMn „,„ aicroinstruetion ttMm 
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SECTION B.4 Butter Manager 
B . 4 . x Introduction 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
the present invention (bmtn) . 
B.4.2 overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM* 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a write address for 
each buffer. 
B.4.3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4.4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers :- 

Initialization registers (RW from microprocessor) 

T BASECB - base address of coded data buffer 

\ LENGTHCB - maximum size (in pages of coded data 

buffer 

• BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

•LIMIT - size (in pages) of the DRAM. 

Dynamic registers (RO from microprocessor) 

* READCB - coded data buffer read pointer relative to 
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BASECB 

• KUMBERCB - coded data buffer write pointer relative 
to READCB 

• REAOTB - token data buffer read pointer relative to 
5 BASETB 

•NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses :- 
readaddr « (BASE + READ) mod LIMIT 
10 writeaddr = (((READ + NUMBER) mod LENGTH) + BASE) mod 

LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
^ around DRAM, 

g B.4.5 Block Description 

7} 15 In the present invention, and as shown in Figure 12 7, the 

g Buffer Manager is composed of three top level modules 

^ connected in a ring which snooper monitors the DRAM 

interface connection. The modules are b« P rti»« (prioritize) , 
bainstr (instruction) , and bartcaic (recalculate) are arranged 
in a ring of that order and oatnoop (snoopers) is arranged 
on the address outputs. The module , a«prtiz« , deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 

2 5 b«in»tr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
bufLfer manager registers. 

3 0 The module, Bainstr, on being told by baprtis* to calculate 
an address, issues six instructions (one every two cycles) 
to control bartcalc to calculating an address. 

The module, Bartctic, recalculates the addresses under the 
instruction of bainstr. Running an instruction every two 
35 cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sb»pr-tia« of FULL/ EMPTY 
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redress 1 * detSCtS ^ WhSn ^ haS . finished calculating an 

B.4.6 Block Implementation 
B.4.6.1 Bmprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up Qf ^ initiaii2at . on 

registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

Once buf_access is de-asserted (write zero to it) b« prt i 2e 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus 
no requests are asserted. ■ Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged, it will be 
recalculated . 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly, bBprtiie will recalculate 
any invalid address that is not currently being calculated. 

in the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
accesses , 

B.4.6.2 Bminstr 

The module, B «instr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address). Note 
that even cycles start an instruction, whereas odd cycles 
end an instruction. The top 3 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 



For read add 



resses : 
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Table B.4.1 Read address calculation 

For write addresses: 



Cycle 


Operation 


3 usA 


Sus6 


Result 


Meaning of 
result's si^n 


0-1 | ADO 


NUMBER READ 


1 


2-3 | MOO 


Accum LIMIT 


i 


4-5 


AOO 


Accum BASE 


1 


6-7 J MOO | Accum 


UMIT 


Address I | 

1 i 


8-9 A00 NUMBER *r 


NUMBER I 


10-11 


MOO 


Accum- 


LENGTH 




SET_F ULL 
(NUMBER 

! 

» 

LENGTH) I 



Table B.4-.2 For write address calculations 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The nodule, a nr ecaic, performs one operation every two 
clock cycles". it latches in the instruction from b,ninstr 
(and which buffer and io type) on an even counter cycle 
(start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle ( end_a lu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, bmrecalc informs bmprtize as to whether 
the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (load_addr). 

Full/empty are calculated using the sign bit of the 
operation's result. 

The modulus operation is not a true modulus, but A mod B 
is implemented as: 
(A>B? (A-B) : A) 

however this is only wrong when 

A> (2B-1) 
2 5." which will never occur. 

B . 4 . 6 . 4 Bmsnoop 

The module, Bmsnoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e., can be 
30 accessed with the clocks running) to allow on chip testing 
of. the external DRAM . • These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
35 wire protocol because it is essential to transmit 
information (i.e., acknowledges) back to the sender which 
an accept win not do). Hence, this rigorously monitors 
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the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one . 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 
initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 



y 3 
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C£O_3UF_C8_RO_SNP_0 


ODODOCOD 


1 UAJO 

0x59 


CSD.3UF_TB_WR_SNP_2 


xxxxxxOD 


0x5a 


C ED.3UF JTB_WR_SNP_ 1 


OCOOODOO 


I 0xSb j 


CHO.3UP..B.WR.SNP.0 | DDQcnnnn 


0x5c 


CEO_3UF_TB.RO_SNP_2 


xxxxxxOD 


0x5d 


CcD_3UF_T8_RD_SNP_1 


00000000 


0x5e 


w e O.SUF.TB.RD.SNP J) 


00000000 


0x5 f 



Table b.4.3 Buffer manager non-keyhole registers 



bit 



D indicates a registers bit and x shows no 


KeyfioJe Register Name 


1 Usage 


Key hole Address 


CE0_3UF_CB_8ASE_3 


xxxxxxxx 


0x00 


CcO.BUF.CB.8ASE_2 


xxxxxxOD 


0x01 


C£D.BUF.CB.BAS£_1 


ooooooco 


0x02 


CED.BUF_CB.BASE,0 


ooooocoo 


0x03 


CE0.8UF.CB_LENGTH_3 


xxxxxxxx 


0x04 


CEO_3UF_C8.LENGTH.2 


XXXXXXOD 


0x05 


CE0.3UF.CB.LENGTH.1 


00000000 


0x06 


CE0.3UF_C8.LENGTH.O 


0000000D 


0x07 


CE0_3UF_CB_READ_3 


xxxxxxxx 


0x06 


CED.SUF_CB_READ.2 


xxxxxxOD 


0x09 | 


CE-n.S'JF.CS JREAO. l 


0OO0ODOD 


0x0a | 


CED.3UF.CB.REAO.0 


OOOOOOCO 


0x0b | 


CE0_3UF„C8_NUMBER.3 


XTTTXXXX 


0x0c J 



e B.4.< Registers in buffer »anager keyhole 
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Keyhole flegisrer Name 


Usage 


Kev K oie Aer^rp^ 


CE0_3UF_C3_NUMBEfl_2 


| xxxxxxDO 


v*UU 


CED.3UF_CB.NUMBE.R_i 


D3D30DC0 


o,o« 1 
u*ue i 


CED_SUF_C3.NUM3ER_0 


| D020CDDO 




C£0_SUF_T3_8ASc_3 


XXXXXXXX 


Ox 1 0 


CED_BUF_73_3ASc_2 


j u 


Ox 1 1 


CcD_8UF_TB_3ASc_1 




Ox 1 2 


CcD_3UF TB BASE 0 




0x13 


CEO 3UF T3 LENGTH 3 


xxxxxxxx 


OxM j 


w-&w_ou~_i o_i»c .rNiij i n _ 


- xxxxxxOO 


0x15 j 


f*Cn TTl 1 P TU « 
wCU_OUr_ 1 O^LtNvj 1 M_ 1 


DD30C0DD 


0x16 j 


J_t3Ur_ fo_L£NG iH_0 


DOODCDDO 


0x17 j 




xxxxxxxx 


0x18 [ 


PPO 3.MP TB OCAO ^ 


xxxxxx3D 


0x19 j 


f*PO si fC T3 acAn * 
^c'J^OUp.I 0_ncAU.i 


Demos 00 


Oxia | 


^Srt Si iC td np a n « 

— ■ eU_oUr_ T 9_RtAD_0 




Oxib 


I 




xxxxxxxx 


0x1c 




CEO_8UF_TB_NUMBER_2 


xxxxxxDD 


0x1d 


i 


CED_BUF_TB_NUM8£R_1 


DO000OOD 


Oxie 


1 


CEO.BUF.TB_NUM8ER_0 


DCDDDD00 


Oxif 




CED_BUF_UM1T_3 


xxxxxxxx 


0x20 




CED_8UF_UMIT_2 


xxxxxxOO | 


0x21 




CED_8UFJJM1T_1 


00300000 


0x22 




CEO„BUF_UMIT_0 


00000300 


0x23 




CED_8UF_CSR 


xxxxOODD 


0x24 j 





Table B.4.4 Registers in buffer manager keyhole 



B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 



B • 4 • 9 Testing 

Test coverage to the „.„ is through the snoopers in 
b.,noop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain 
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SECTION B.5 Inverse Modeler 
B.s.i Introduction 

This document describes th» 
implementation of the t„ Purpose, actions a nd 

5 T<*.„ Formatter < ' ' M ° d ' ller "d the 

invention. ' ' " •«=»"»"=. with the present 

0.x; ^XctioLr"";;::? 1 ^ r i of che Huffman 

*s. therefore bett.r h- Inverse Modeller. it 

1° B. S . a overview d ™~> in this section. 

The Token buffer, which is between t . . 
can contain a great deal of data i hSPP "' 
ensure that efficient use • ° ff - Chi P DR *"- To 

_ must be in a 16 bit format /^Forlr^" mSm ° ry ' ^ ^ 
* fro, the Huffman DecQ th ' " PaCkS " d3ta 

^ffer. Subsequently the r * f ° r the Toke " 

To. the Token buffer f orma t " UnPaCkS " 

However, the Inverse Modeller's m • 
expanding out of "run/ level » eo / • fun <=tion is the 

> followed by a level Ad di, • M ° * ° f 2Sro dat * 

ex * Additionally tho t«, 
ensures that DATA tokens have at least « M ° deller 
it provides a "gate" for ... "efficients and 

«t their start-up criteria Whlch haVe »»» 

B.3.3 Interfaces 
8 -5. 3.1 Hsppk 

In the present invention o 

input and the Token buffer 7 S """"" ° eCOd " 

«. of the two-wire type t„« B ° th int "^"=« 

Port, the output being 16 ' ^.^^ « » token 
Si=nal. In addition Hsppk is ' d """' ^ * FLUSH 
clock , generator and thus ™ C1 ° Cked fr <"» the Huffman 
chain. ' Conne «ed to the Huffman scan 

B -S.3.2 imodel 

i«odel has the Token buffer start- 

as inputs and the 7 ° UtPUt ^ ^<= 

input from tne TQken buffer se -ntazer as output . 

^ock_ end signal , from the 1 ^ 'P-cIc.d data", plus 

9* one wirestrea m _ e nable. 



are 
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output is an lx bi t token port. A11 interfaces 
controlled by the two-wire interface protocol. Xmodel has 
it. own clock generator and scan chain. 

Both blocks have microprocessor access only to the 
snoopers at their outputs. 
B.5.4 BlocX description 
B.5.4.1 Hspp* 

»»» taxes in th. 17 bit data from ^ Huffman and 
outputs x. blt data to tne Token buffe ^ 

into ^ b r the ; tm " tinq ° r SPli " in ' ^ i"P-t ^ta 
into „ blt „ ords , and seCQnd fcy pack . ng these 

a 16 bit format. 
B.5.4. 1.1 SDlifcfr-iT^ 

™«t. maC " d lnt ° " W " «» 

2 0 ELLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat 0a 
FRRRRRR00000Format 1 

for?™ 31 t0kenS ° nly ^ b0tt °" 12 bits ' h --9 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 
However, DATA tokens have a run an rf =, i 

the form: * * ln eaCh WOrd in 

ERRRRRRLLLLLLLLLLL . 
3 ° This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- > FRRRRRR0Q o o o Forma t i 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format o is used: 
E000000LLLLLLLLLLL->FLLLLLLLLLLLFormat ' 0 

It can be seen that in the format o,the extension bit is 
lost and assumed to be one. Therefore, it cannot be used 
where the extension is zero. In this case> f 
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unconditionally used . 
B. 5. 4. 1.2 Packing 

After splitting, all data words are l 2 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



Input words 


Outout worcs 


OOOOCOOOOOCO 


00O0O0OOOCCC1I11 


illinium 


li:i::il2222222: 


222222222222 


2222333333333333 


333333333333 





Table B.S.i Packing method 
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B. 5. 4. 1.3 Flushing of the buffer 

The DRAM interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 
DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .a.ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B. 5. 4. 2*1 imp fUnPacker) 

Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input words - 


Outout words 


occoocoocoooi::: 


O000Q00OOOOO 


11:1:11122222222 


1UI11111111 


2222333333333333 


222222222222 




333333333333 



Table B.S.2 Unpacking method 
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5)Maintaining correct data during flushing of the 
Token buffer. * * 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the. end of 
a block. 

6)Holding back data until Start-up Criteria are met. 
Output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to hsppk. 
B. 5 .4.2 .2 imx (Expander) 

In the invention, i.ex expands out all run length codes 
15 into runs of zeros followed by a level. 
B.5.4.2 .3 Imoad fPADdcr) 

impad ensures that all DATA Token bodies contain 64 (or 
more) words. it does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
over 64 words in the body. 
B . 5 . 5 Block implementation 
B. 5,5.1 HsppX 

Typically, both the Splitting and packing is done in a 
single cycle. 

2 5 B. 5 . 5 . 1, 1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat == l) use format 0a ; 
ELSE IF (run == 0) use format 0; 
30 ELSE use format 1; 

ELSE use format 0a; 
and format bit determined 
format 0 format bit = 0; 
format 0a format bit = extension bit; 

3 5 format l format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 

B. 5.5. 1.2 Packing 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 




valio cycle 2 
valid cycle 3 



2222 2222222 2 I 333333333333 | 



output 
ouaut 



Table B.5.3 Packing procedure 

Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid . 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or P icture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 
the token itself it output. 
B • 5 • 5 . 2 Imodel 
B5 .5.2.1 imup (Unpacker) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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valid cycle 0 
) vaiid cycle l 
j ''and cycie 2 



I valid cyc;e 3 



Unpacked Were 



J- Suc cee^9word [ Held Word 

1:1:111:222:2222 I oocooGoooooouii I iim;::: ... j" 



2222333333333233 I :«i • m, ] , _ 

1 1222 22222 f 222 222222222 don't ir."^ 

2222333333333333 I MI 1 1 U 12 2 22 222 2 | 3 3 3 3 3 3 3 3 3 3 3 3 ] 1 



in out 



Table B.s.4 unpacking procedure 

Where x indicates undefined bits 

The valid cycle is maintained by a ring counter . The 
unpacked data contains the token's data, flush and 
PICTURE END decoded from it Add it- i i, 

e)(tpn<! . . • Xt ' Additionally, format and 

extension bit are decoded from the unpacked data. 
formatbi t _is_extn = (lastformat == 1} 1X databody 
format = databody && (formatbit && Fastf ormatbi t ) 
for token decoding and to be passed on to inex 
When a FLUSH (or oicturp on ^ <- l. 

s^l" aCC °H danCe PrSSent inVen ti0n ' *— i- - '°ur 

state machine to expand run/level codes out. The state 
nachine is: scare 

-stateO: load run count from run code, 
state 1: decrement run count, outputting zeros, 
state 2: input data and output levels; default state 
state 3: illegal state. 

l-P*d is informed of DATA Token headers by iBex . Next it 
counts the number of coefficients in the body of the token. 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
DATA tokens with 64 or more coefficients are not affected 

by ifflpad . 
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B.5.6 Registers 

The i-odei and hsppic of the present invention do not hav 
microprocessor registers, with the exception of thei 
snooper . 



Register Name 


Usage 


Address 


CE0.H.SNP.2 


VAxxxxxx 


0x49 


CED_H_SNP_1 


DDDDCCDO 


0x4a 


CEO.H.SNP.O 


ODCOCDCO 


0x4b 


CEDJM_SNP.1 


VAE^ccOCO 


0x4a 


CEO.IM_SNP.O 


DDDDDDDO 


0x4d 



Table B.5.5 



Imodel & hsppk registers 



Where V = valid bit; A = accept bit; E = extension bit; 
D = data bit. 

B.5.7 Verification 

Selected streams run through Lsim simulations. 
B.5.8 Testing 

Test coverage to- the i.od.: at the input is through the 
Token buffer output snooper, and at the output through the 
i-od.x's own snooper. Logic is covered the i-od.i's own scan 
chain . 

The output of the h, Ppk is accessible through the huffman 
output snooper. The logic is visible through the huffman 

scan chain. 
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SECTION B.6 Buffer Start-up 

B« 6 • 1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B.6.2 Overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition. The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up" to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6.3 Interfaces 

Btcirtbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogl (Buffer Start-up Output Gate Logic) . 
Bsogi via a two-wire interface controls iaup (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.6.4 Block Structure 

As shown in Figure 13 0, Bscntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, bsogl is informed. 
Data is unaffected by bscntbit. 

Bsogl lies between bscntbit and i»up (in the inverse 
modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at i« up ) , when another "indicator" is 
accepted by i„ up . If the queue is empty (i e ^ there ^ ^ 

streams in the buffers which have yet met their start-up 
target) the stream in imup is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in bsogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
queues respectively. 
B.6.5 Block Implementation 

B.6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (b.ctr) is a programmable 
counter of 16-24 bits width. Moreover, bsctr has carry look 
ahead circuitry to give it sufficient speed. B.ctr' s width 
is programmed by ced_bs_prescale . It does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 
bits of bsctr are used for comparisons with the target 
(ced_bs_target) . 

The comparison (ced_bs_count >=ced_bs_target ) is done by 

bscfflp . 

The target is derived from the stream when the stream is 
in the Huffman Decoder and calculated by the 
microprocessor. it will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
place. When the comparison shows ced_bs_count >= 

ced_bs_target, target^valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream ' ends (i.e., a flush) is detected in 
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bsb.tcnt, an abs_flush_event is generated. if the stream 
ends before the target is met, an additional event is also 
generated ( bs__f lush_bef ore_target_met_event ) . When any of 
these events occur, the block is stalled. This allows the 
user to recommence the search for the next stream's target 
or ln the case of a bs_f lush_bef ore_tar,et_met event event 
either: "* 

1) write a target of zero which will force a target met 

or — 

2) note that target was not met and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly. 

B.6.5.2 BSOGL (buffer start-up output gate logic) 

As previously described, a.o g i is a queue of indicators 
that a stream has met its target. The queue type is set by 
ced_bs_queue ( internal (0) or external ( 1 )) . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
be in the coded data buffer, Huffman, and token buffer. 

When this number is reached (i a 

reacned (i.e. the queue is full) bsogi 

will force the datapath to stall at bsbitcat . 

Using an internal queue requires no action from the 
microprocessor. However, if it is necessary to increase 
the depth of the queue, an external queue can be set (by 
setting ced_bs_access to gain access to ced_bs_queue which 
should be set, target_met_event and stream_end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 
microprocessor) is inserted into the internal queue. The 
external queue is. maintained by two events. 
target_met_event and stream_end_event . These can simply be 
referred to as service_queue_input and service_queue_output 
respectively] and a register ced_bs_enable_nxt_ S tream. In 
effect, target_met_event is the up stream end of the 
internal queue supplying the queue . similarly, 
ced_bs_enable_nxt_stream is the down stream end of the 
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internal queue consuming the queue simil , 

St rea m _e„ d _ eve „ t is . request to J ^ £ V. 

queue; stream end event resets «d h< = 

^ - resets ced_bs_enable nxt strea 

The two events should be serviced as follows: " " 



am 
m . 



/* 7AJlGET_MST_r /EMT •/ 

3« ™ic-o_read(CSD_3S_SNAaLS_NXT_STK) ; 
if (j == 0) /'is next stream enabled ?•/ 
(/*no. enable it*/ 

mi=ro_vrite(CED_3S_EN;U3LE_NXT_STM. 1) ; 

prir.cfC enable nex: stream (queue = 0x%x) \n- . ( = =r. = .x C ->^eu S , 



-se /'yes. increment the queue of -tarset.mef screws-/ 



queue**- ; 



prir.cz (- stream already enabled (queue = 0x%x,vr.-. ;--.-•<-_- 
>queue) ) ; 



} 



/' STREAM. EVENT •/ 

if (queue > 0) /-are there any -target.mets- left? •/ 
(/'yes. decrement the queue and enable another stream -/ 
queue-- ; 

^icro,write(C£D_3S_ENABLS.NXT_STM. 1) ; 

!::n:ex:->-*:e":e. 



printfc enable next scream (queue = Ox%x) \ n - 



} 

else 



princff- aueue e*n->r^ 

^ eje ertr Pty canno; enable nex- — ~ / 

^exw Stream (queue = r y i Y) v _ , 
queue) • ' x,x ' x - 



r ' iCr:3 - , - rr i -e (CZD_EVZNT 1, 



cleir ever.- 



488 



10 



The queue type can be changed from internal to external 
at any time (by the means described above), but they can 
only be changed external to internal when the external 
queue is empty (from above »queue==o»), by setting 
ced_bs_access to gain access to ced_b S _queue which should 
be reset, target_met_event and S tream_end_event masked, and 
access relinquished. 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. m this way, all streams will 
always be enabled. 
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icroprocessor registers 





1 Register name 


Usage 


Address 




[ CED.BS.ACCESS 


j xxxxxxxO 


OxtO 




| CED.SS.PRSSCALS' 


xxxxxOOD 


0x1 1 




| CED.3S.TARGST' 


ODDODODD 


0x12 




CED.BS.COUNT* 


0DD0DD3D 


0x13 j 


1*1 


| 3S_FLUSH_EVENT 


rrrrrOrr 


0x02 j 




3S.FLUSH.MASK 


rrrrrOrr 


0x03 




BS_FLUSH.3EFORE.TARGET.ME 


rrrrOrrr 


0x02 


ry 


T.EVENT 






G3 


3S.FLUSH_9EFORE.TARGcT_ME 


rrrrOrrr 


0x03 J 




T.MASK 




i 



w 

f=5 



Table B.6.1 Bscntbit registers 



| Register name 


Usage 


Address 


1 


TARGET.MET.EVENT 






0x02 


TARGET.MET.MASK 






0x03 


STREAM.ENO.EVENT 


rrorrrrr 


0x02 I 


STR£AM_ENO_MASK 




| r«„r,r 


0x03 


i 


Table B.6.2 


Bsogi regist< 


srs 




Register name 


Usage 


Address 


CEO.BS.GUEUE* 


i 


xxxxxxxO 


0x14 




CE0.BS.ENA8LE_NXT.STM* 


xxxxxxxO 


0x15 



Tab 1-9.6. 2 Bs og -registers 
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where 

• D is a register bit 

■ x is a non-existent register bit 

• r is a reserved register bit 
5 - to gain access to these registers ced_bs_access must be 

set to one and polled until it reads back one, unless in an 
interrupt service routine. Access is given up by setting 
ced_bs_access" to zero. 
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SECTION B.7 The DRAM Interface 

B.7.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM . A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface- This is illustrated in Figure 131, 
"DRAM Interface,". 
B.7.2 A Generic DRAM Interface 

Referring to Figure 131, the interfaces to the address 

10 generator 42 0 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
4 20 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 

15 two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 

2 0 period. Thus, it implements a request /acknowledge 

(REQ/ACK) protocol . 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 

2 5 other. For example, the address generator may generate an 

address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 

3 0 taken until an address is supplied on the appropriate bus 

from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
3 5 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 



properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM Interface contains a method of determining 
which swing buffer it will service next. In general, this 
will be either a "round robin", in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 
which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 
via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 13 2 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in) . As 
each piece of data is accepted it is written into RAMI 
and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 
between two asynchronous clock regimes, and so passes 
through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 
that it is the turn of this swing buffer to be read, 
the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2) , to indicate that RAMI is now ready to be filled 
again . 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 



o 

fcft 
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be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung- back for 
use by the input side. 
5 6)This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B.7.2.2 Addressing of External DRAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
10 memory bandwidth. Consequently, it is arranged so that 
each 3X3 block of data is stored in the same DRAM page. I n 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. m addition, a facility is provided to 
allow the data bus to the external DRAM to be 8 , 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application . 

In this example (which is exactly how the DRAM Interface 
20 on the spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself, and 
2S these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
30 the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
35 covered separately below. 

B.7.3 DRAM Interface Timing 

.In the present invention, the DRAM Interface Timing block 
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uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
15 state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 
B.8.1 Introduction 

This document descrihec 

t i uescrioes the purpose, actions a r.n 

mpler.entation =£ th . inverse quantlz ./ ' a " d 

with the present invention. * «==rdan=e 
B.8. 2 Overview 

The inverse quantizer reconstructs coefficients (P „. 
,uanti Z ea coefficients, quantization weiqhts a „ d 
«».. all of which are transmitted within the datastrea, 
«.a.3 Interfaces 

oJTntH 11 ! 3 bStWeen inVSrSe m ° deler and the inv.r„ 

DaL Dath 13 C ° nneCted t0 3 ^~°P"cessor. 

Dat apath connectlons are v . a two _ w . re interfaces _ 

data is 10 bits wide, output is 11 cits wide 
B.8. 4 Mathematics of Inverse Quantization 
B.8. 4.1 H261 Equations 

For blocks coded in intra mode: 



C ; » ><l_quant_scal«(2<2 f *^>«(C ; )J 
C ; » C,. - ti gn (c. ) c\ = even f 0 < f < 64 
C, » C ; c] = odd 
C, a «"n(/nttr(C ; .-2048).2047) 



For all other coded blocks: 



q » ''q_quant_$cale(2C ; + W/n(C t .)J 
C - C.-i«>/i(c.) c. « even 
Ci - C, c] - odd 

C - m/'n(mttr(C. .-2048)^047) 



0 S I < &4 
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B.8.4.2 JPEG Equations 



^=^,,2-1024 ;«o 

C i mW i.jQi 0<«<64 
C. = '"'i(moj(C i ..-2048).2047) 
i = )Peg_tabl«_indifeaion ( C ) 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



m 



c ; - W,-. ; 0 ; +1024 ,• = o 

Ci 3 C [ C.even 
c f - c," = odd 

C. » «"t(/nar(cC.-2048).2047) 



0 <: i < 64 
j = 0. 2 



. 1 024 is added in intra DC case to account tor predictors 
For all other coded blocks : 

< = ^./"t-^'-Scale^,. .(2 0 ,. + „w O ,i , * 

V ^ ] ; 

Ci • C.-si tn (c') c] » tven 
C"i - C," c; - odd 

C ; = min(maj[(C ; . -2048)2047) 

B.8.4.4 JPEG Variation Equations 



in huffman being reset to zero. 



0 < / < 64 
J = '.3 



C, - floo\ _ USJ* 1024 

* 16 J 0<,< 

C; « /n/n(ma-r(C..-2048)^047) 
7 « IP«g_UblOndir«aion ( C ) 



r = o 
64 
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B.8.4.5 All other tokens 

All tokens except DATA Tokens must pass through the iq 
unquantized 
Where : 



f" 1 a<0 
sign (a) » j 0 a = 0 

1 a >0 

*> asb 

min(a,b) * {* 0%b 
b a>b 

Floor(a) returns an integer such that: 

<floor{ a ) $ a c > 0 

Qi are the quantized coefficients. 
C ( are the reconstructed coefficients 
W,j are the values in the quantisation table matrices 
i «s the coefficient index along the zig-zag 
j is the quantisation table matrix number (0 <= j <=3) 
B.8.4.6 Multiple Standards combined 

It can be shown that a,, the above standards and their variations (a(so control <ata ^ 
must be unchanged by the i„) can be mapped on to single equation: 

OUTPUT « (2'NPUT + JH fxvi 
16 

With the additional post inverse quantisation functions of : 
•Add 1024 

•Convert from sign magnitude to 2's complement representation. 
•Round ail even numbers to the nearest odd number towards zero. 
•Saturate result to +2047 or -2048. 

The variables k,x and y for each variation of the stanrtarrie^«^ 

j wi me sianaards and which functions they use is 

shown in Table B.8.1. 
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B.S.4.C Multiple standards eoabinad 



Standard 


X 


v 


k 


Arid 


Hound 


sac 


Convert 






Weignt 


Scale 




1024 


Even 


Pest 


2'sc:ro 


H261 


intra OC 


8 


8 


0 


No 


| No 


I Y « 


I Y ~ i 




intra 


16 


iq_quant_scaie 


1 


No 


Ire, 


| Yes 


Yes [ 




oiner 


16 


iq_quant_scai« 


1 


No 


f Yes 


I Y « 


Yes i 


JP£G 


DC 


w :j 


8 


0 


Yes 


No 


Yes 


; 




otner 


W.j 


8 


0 


NO 


No 


Yes 


Yes 


MPEG 


•ntraOC 


8 


8 


0 


Yes 


No 


Yes 


Yes j 




intra 


w =i 


iq_quant_scaie 


0 


No 


No 


Yes 


Yes j 




otMer 


w i 


iq_quant_scale 


1 


No 


Yes 


Yes 


Yes 


XXX 


CC 


W i 


iq_quant_scale 


0 


Yes 


NO j 


Yes | 


Yes 


1 


otner 


w- 


iq_quant_scale 


0 


No 


No | 


Yes 


Yes 


Otfier Tokens 


1 


8 


0 


No 


No 


No 


No 



Table B.8.1 Control decoding 



B.8.5 Block Structure 

From B.8.4.6 and Table B.8.1, it can be seen that a 
single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 

• Decoding of tokens to load status registers or 

quantization tables. 
Decoding of the status registers into control 

signals . 

Tokens are decoded in iqca which controls the next cycle, 
i.e., iqeb's bank of registers. It also controls the access 
to the four quantization tables in igraa. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqarith. The complete block diagram for the iq is shown in 
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Figure 134. 

B.t.< Block Implementation 
B. 8*6.1 Iqem 

In the invention, iqca is a state machine used to decode 
tokens into control signals for igraa and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_S CALE (see B.8.7.4, "QUANT_SCALE" ) 
and QUANT_TABLE (see B.8.7.6, "QUANT^TABLE" ) are as 
follows : 

if (tokenheader QUANT_SCALE ) 

( 

sprintf (preport. * QUANT_ SCALE • ) ; 
reg.addr - ADDR_IQ_QUANT_SCALE; 
mocw * WRITE; 
enable « 1; 

) 

if (tokenheader -« QUANT_T ABLE ) / *QUANT_7A3L£ ::<er. 
switch (substate) 

{ 

case 0: /* quantisation table header •/ 
sprintf {preport. # QUANT_TABLE_%s_sO * , 

(headerextn ? • (full) • : • (enptyj • ) ) .- 
nextsubstate ■ 1; 

insertnext » {headerextn ? 0 : 1); 
re?_addr - ADDR_IQ_C0KPONE*rT; 
motw ■ WRITE; 
enable - 1; 
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break ,- 

C3se 1: /' «W« cisacioa cable ^ ^ 
S P-n C , (preport> • QUANT_TAS.L£ %s sl - - 
^aderex ta? . (fuII) . > .^^.^ 
nextsubscace . i ; 

insertnexc . (headerextn ■» o , 

** za ■ 0 : (qai._addr_63 « 0 )). 

-eg_addr - USS.^; 

enable * i ; 
break; 
default: 

sprintf Cpreport, -ERa 0 R in 
^ubscace t*na', -acion cable tokendeccde 

substace) ; 



break; 

; 
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Where a substate is a state within a token, QUANT SCALE 
has, for example, only one substate. However" the 
QUANT_TABLE has two. one bein g the header, the seco d e 

token body. 

The state machine is implemented as a PLA . Unrecognized 
tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqca supplies addresses to i gra » from 
Bodyword counter and inserts words into the stream, for 
example in an unextended QUANT_TABLE (see B.8.7 4) This 
is achieved by stalling the input while maintaining th- 
output valid. The words can be filled with the correct 
_ data m succeeding blocks ( iqC b or iqarith) . 

J iqca is a single cycle in the datapath controlled by two- 

£p 15 wire interfaces. 

4? B.8.6.2 iqcb 

£ in the invention, iqC b holds the iq status registers 

S Under thS C ° ntro1 ° f ^" ^ loads or unloads these from/to 

. the datapath. 

The status registers are decoded (see Table B.8.1) into 
control wires for iqarith; to control tne vy multiplier Cerms 
fy and the post quantization functions. 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 
words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the i q . 

The status registers are accessible from the 
microprocessor only when the register iq_access has been 
set to one and reads back one. m this situation, i qcb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
w ire interfaces. 
B • 8 . 6 . 3 Iqram 
• iqrao, must hold up to four quantization table matrices 
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(QTM) , each 64*8 bits. It is, therefore, a 256*8 bits six 
transistor RAM, capable of one read or one write per cycle. 
The RAM is enclosed by two-wire interface logic receiving 
its control and write data from iqc*. It reads out data to 
5 iqarith. Similarly, igru occupies the same cycle in the 
datapath as iqcb. 

The RAM may be read and written from the microprocessor 
when iq_access reads back one. The RAM is placed behind a 
keyhole register, iq_qtm_keyhole and addressed by 
10 iq_qtm_keyhole_addr . Accessing iq_qtm_keyhole will cause 
the address to which it points, held in iq_qtm_keyhole_addr 
to be incremented. Likewise, iq_qtm_keyhole_addr can be 
p written to directly. 

^3 B.8.6.4 iqarith 

01 

flflj 15 Note, iqarith is three functions pipelined and split over 

-J3 three cycles. The functions are discussed below (see 

:T! Figure 133 ) . 

G B. 8. 6.4.1 XY multiplier 

f. This is a 5(X) by 8(Y) bit carry save unsigned multiplier 

I*- 

p 2 0 feeding on to the datapath multiplier. The multiplier and 

M* multiplicand are selected with control wires from iqcb. The 

IS multiplication is in the first cycle, the resolving adder 

Q in the second. 

At the input to the multiplier, data from iqram can be 

2 5 muxed onto the datapath to read a QUANTJTABLE out onto the 

datapath. 

B. 8. 6.4.2 (XY) + datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

3 0 Three partial products in the first cycle, seven in the 

second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
3 5 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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B - 8 - 6,4 3 Post qua ntization functions 

The post quantization functions' are 
Add 1024 

■Convert from sign magnitude to 2 ' s complement 
representation . 

•Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048. 
Set output to zero (see B.8.6.2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second and third cycles). From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



| Function 


if dataoatn > 0 


if dataoatn > 0 j 


Ccnvea to 2*s complement 


notntng 


invert acd ore 


Round all even numbers 


suotract one | 


add one ' 





runction 


- if dataoatn > 0 


if caiaca:n > 0 




Add 1024 


add 1024 


add 1024 



Table B.8.2 Post quantization adder functions 
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As will be appreciated by one of ordinary skill in the 
art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
B.8.7 inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



inverse Quantizer. m most cases, the Token is unmodified 
by the Inverse Quantizer with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 

B . 8 . 7 . 1 S EQUENCE_START 

This Token causes the registers iq_predict ion 

mode[ 1:0] and iq_mpeg_indirection ( 1 s 0 ] to be reset to zero. 

B.8.7.2 CODING_STANDARD 

This Token causes iq_standard [ 1 : 0 ] to be loaded with the 

appropriate value based upon the current standard (MPEG, 

JPEG or H.261) being decoded. 

B.8.7.3 PREDICTION_MODE 

This Token loads iq-prediction_mode [ 1 : 0 ] . Although the 

PREDICTION_MODE Token carries more than two bits, the 

Inverse Quantizer only needs access to the two lowest order 

bits. These determine whether or not the block is intra 

coded . 

B . 8 . 7 . 4 QUANT_SCALE 

This Token loads iq_quant_scale [ 4 : o ] . 
B . 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_component[l:0]. The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
undefined . 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 
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in t-lv. bits in . tuos complement fQrmat 
p us a s ign Mt, . The DATA Tok en . t tne outp ^ ^ 
the same number of Token Extension wrds as h ^ 
input of the inverse Quantizer. * 

B • 8 , 7 . 6 QUANT_TABLE 

This Token may be used to load a new quantization table 
or to read- out an existing table. Typically, in tne 
inverse Quantizer, the Token will be used to load a new 
table which has been decoded from the bit stream. The 
action of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 
number that is to be used. These are placed in 

J-3 iq component [ 1 : 0 ] . Note that- • _ 

„ J Ce tnat thls register now contains a 

table number" not a color component. 

If the extension bit of the Token Head is one, th- 
inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 
quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
inverse Quantizer, unmodified, in the normal way. 

If the extension bit of the Token Head is zero, then the 
inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero). At the end of this operation, the Token will 
contain exactly sixty f.our extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B.8.7.7 JPEG_TABLE_S ELECT 

This token is used to load or unload translations of 
color components to table numbers to/from 
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iq_ipeg indirection. These f ra n e i^; 

inese translations are used in JPEG 

and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 
5 in iq_component ( l : o ] . 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which are written into the 
iq_ipeg_indirect ion f 2 * iq_componen t [ 1 : 0 ] + 1 : 2 * iq.component 
10 (1:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero). At the 
end of this operation, the Token will contain exactly one 
Token extension word. 



y - 



| Colour component in reacsr 


bits of iq_j2eg_:nc;r9c::3 


" = cresset 


• 






1 


[3:2) | 


2 


(5:41 




1 


[7:51 
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Table B.8.3 JPEG_TABLE_S ELECT action 
B.8.7.8 MPEG_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 
iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection ( 1 : 0 ] register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 
transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
B.8.8.1 iq^access 

To gain microprocessor access to any of the iq registers 
xq.access must be set to one and polled until it reads back 
one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igr », 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
the datapath. 

B. 8.8.2 Iq_coding_standard [l: 0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 


H.261 | 


i 


JPSG 


2 


MPEG j 


3 


XXX 



15 



Table B.8.4 Coding standard values 

This register is loaded by the COD INGEST AND ARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory 
implementations can deal with more 
standards. ■ ' 



map and future 
than the above 



i iU 
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B . 8 . 8 . 3 Iq_mpeg_indirection [1:0] 

This two bit register is used during MPEG decoding 
operatxons to maintain a record of which quantization 
tables are to be used. 

Iq_mpeg_indirection C 0] controls the table that is used 
for intra coded blocks. if it is 2ero then quanti2ation 
table o is used and is expected to contain the default 
quantization table. If it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MP EG_TABLE_S ELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B.a.8.4 Iq_ipeg_indirection[7: 0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Sits [i :0 J hold the table number that will be used for component 29 ro. 
-Bits (3:2; hold the table number that will be used for component one. 
♦Bits (5:4) hold the table number that w.ll be used for component two. 
•Bits [7;6j hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE_S ELECT Token. 
B.8.8.5 iq_quant_scale[4 . 0] 

This register holds the current value of the quantization 
20 scale factor. This register is loaded by the QUANT_SCALE 
Token . 

B.8.8.6 iq_component [l: 0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number. It is 
2 5 loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
reference to iq_ipeg_indirection( 7 : o ] . i n other standards, 
iq_component [ 1 : 0 ] is ignored. 
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The JPEG_TABLE_SELECT Token causes this register be 
loaded with a color component. it is then used as an index 

into iq_i P eg_indirection C 7:0] which is accessed by the 

tokens body. 

The QU'ANT_SCALE Token causes this register to be loaded 
wxth the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B.8.8.7 iq_prediction_mode[i: 0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
coded . 

This register is loaded by the PREDICTION_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

lq_prediction_modeil:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
B.8.8.8 lq_ipeg_indirection[7 : 0] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3. 

This register location is written to directly by the 
JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG__TABLE_S ELECT Token if the non-extended form of the 
Token is used. 

B.8.8.9 Iq_quant_table[3 : 0] [63:0] [7:0] 

There are four quantization tables, each with 64 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 

These registers are implemented as a RAM described in 

B.8.6.3, "Igram". 

These tables may be loaded using the QUANT_TABLE 



Token . 

Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i". 
B.8.9 Microprocessor Register Map 



Register 


Location 


Direction 


Reset State 


i<0_ access 


0x30 


RAV 


0 


iq_coding_standara( 1 :0| 


0x31 


RAV 


0 


iq_quant_scale{4:0) 


0x32 


RAV 


7 


iq_comoonent(l:0| 


0X33 


R/W 




'q^prediction.modet 1 :0| 


0x34 


RAV 


0 


| «qjpegjndirection(7:0] 


0x35 


RAV 


7 


iq_mpeg Jndirectron(l :0| 


0x36 


RAV 


0 


iq_qtm Jceynote_addrf7 :01 


0X38 


RAV 


0 


»q_qtm_keytioie{7:0| 


0X39 


RAV 


7 



Table B.8.5 Memory Map 
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B.8.10 Test 



Test cov erage to the inverse Quantizer at the input is 
through the Xnverse Modeler's output snooper, and at th^e 
output through the Inverse Quantizer's own snooper. Log - c 
is covered by the inverse Quantizer's own scan chain. 

Access can be gained to igr .„ without reference to 
iq_access if the ramtest signal is asserted. 




SECTION B.9 EDCT 
B.9.1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
engineering information for the. IDCT. it includes 

information on the following. 

• purpose and main features of the IDCT 

• how it was designed and verified 

• structure 

It is intended that the description should provide one of 
ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

•appreciation of the IDCT as a "sillicon macro 

function" 

• integration the IDCT onto another device 
•development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 

• development of a forward DCT block 
B.9. 2 Overview 

A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 
transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 
frequency. Since the eye is sensitive to DC components in 
picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
as quantization. The quantization process reduces the 
information contained ' in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 
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lossy process. 

ZacTlT" bl ° Ck ^^^^ inClUdSS " I"v.„. Zig- 

sr ted 0r ^ IDCT> tak6S frSq — «*ilh 

is sorted, and transforms it into spatial data. This 

inverse sorting process is the function of izz 

The picture decompression system, of which the IDCT block 

forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values. 
However, since the IDCT function is not integer based, the 
internal number representation uses fractional parts to 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but the implementation described herein uses 

fixed-point arithmetic. There is c=0Tn 0 

mere xs some loss of accuracy 

using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 

the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 

invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 30MHz under the 
specif led operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible . 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces. 

a 12-bit wide Token data input port 
- a 9-bit wide Token data output port 

• a microprocessor interface port 

• a system services input port 

• a test interface 

• "synchronizing signals 

Both the Token data ports are the standard Two-wire 
Interface type previously described. The widths 



illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port. 
In addition, associated with the input Token data port are 
the clock and reset signals used for ^synchronization to 
the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 
since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.S The Mathematical Basis for the Discrete Cosine 
Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for mapp.ng onto hardware; the algorithm is not appropriate 

anL S H ftWare m ° delS - on -"--"-ion.l algorithm is 

applied successively to obtain a two-dimensional result 

The mathematical definition of the two-dimensional OCT 
for an N by N block of pixels is as follows: 

EQ 10. forward DCT 



Y(j.k) = ^cU)c(k) £ £ X(m,n) COS 

ff|iO/l»0 



(2m + 1)y7t1 CQS f (2^ 1 ) *-~ | 
2/V J [ 2/V J 



EQ 1 1 . inverse DCT 



*(«. n) = - £ E c 0) C (*) r (7. k) COS 
; = 0 k = 0 



(2m + 1) jit 



2N 



COS 



(2n + 
2/V 



Where 



= 0, 1 N- 1 

c(;)c(*) = 



otherwise 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
two N by N matrices. Mathematically the two-dimensional 
case is: 



Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements . 

In the diagram illustrating the algorithm (Figure 136) , 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtractors also has a symmetry, the adders and subtractors 
can be combined with relatively little cost (4 
adder/subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2 . This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
5 floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in c (no 
timing information was included) which could be used to 

10 verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

15 Figure 137 shows the overall IDCT Architecture in a way 

that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 

20 be calculated separately. 

B.9.7 The IDCT Transform Architecture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 

25 -significant re-use of the costly arithmetic 

operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
30 coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 
35 -can arrange to generate results in natural order 

•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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• advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

• architecture allows each stage to take 4 clock 
cycles, i.e., removes the requirement for very fast 
(large) arithmetic operations 

•architecture will support much faster operation than 
current 30MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
carry to larger/faster carry-lookahead versions. The 
resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
relatively small increase on the overall size of the 
transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 

• control of the transform data-flow is very 
straightforward and efficient 

The diagram of the ID Transform Micro-Architecture 
(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
"control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc.) are the various enable signals used to control the 
latches and, thus, the signal flow. The clock signals to 
the "latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
The techniques used generally fall into two major classes. 

•Retention of maximum dynamic range, with a fixed 

word width, at each intermediate state by individual 
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control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 
Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
any particular intermediate value, achieving the maximum 
possible accuracy . 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

IDCT Block Diagram Description 

The block diagram of the IDCT shows all the blocks that 
are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 
in the diagram. 
B.9.8.1 DATA Error Checker 

The first block is the DATA error checker and corrector, 
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called "decheck" which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
DATA Tokens with a number of extensions not equal to 64 . 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew^event , and "supernumerary" (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 
also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
□ input and performs insert) to make up the correct 64 

^ extensions. In the case of a supernumerary error, the 

m 15 extension bit is forced to "0" for the 64th extension and 

yQ all extra extensions are removed from the Token Stream. 

~ H B. 9.8.2 Inverse Zig-zag 

i y 

p The next block on the Spatial Decoder in Fig. 138 is the 

inverse zig-zag RAM 441, "izz", and again it takes and 

2 0 produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA* 

25 Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 

3 0 ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 

3 5 order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.t.8.3 Input forutttr 

The next block in Figure 138 is the input formatter 442, 
"ip_fmt", which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
5 Stream input and 22-bit wide token Stream output. DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 22- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
10 other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B.9.8.4 1-Dimensional Transform - 1st Dimension 

O The next block shown in Figure 138 is the first single 

dimension IDCT transform block 443 , "oned" . This inputs and 
m 15 outputs 2 2 -bit wide token Streams and, as usual, the stream 

jB is parsed and DATA Tokens are recognized. All other tokens 

fy are passed through unaltered. The DATA Tokens pass through 

Q a pipelined datapath that performs an implementation of a 

f- single dimension of an 8-by-8 Inverse Discrete Cosine 

□ 2 0 Transform. At the output of the first dimension, there are 

^ 7 bits of fraction in the data word. All other Tokens run 

~ through a merely shift register datapath that simply 

O matches the DATA transform latency and are recombined into 

the Token Stream before output. 

2 5 B.9.8.5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
30 in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 

3 5 The next block shown is another instance of a single 

dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 
B.9.S.7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, "ras" 
takes a 22-bit wide Token Stream containing DATA extensions 
m 22-bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards + ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
B.9.9 Hardware Descriptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core). in some blocks shown, the structure is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
grouping together all the "datapath" logic and separate 
this from all the standard cell logic. In the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 
B.9.9.2 "Decheck" - DATA Error Checking/Recovery 

The first block 440 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the -front- type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be -0" when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always "0") . Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not "0" on the 64th extension, a 
"supernumerary- error is generated, the DATA Token is 
completed by forcing the extension bit to "0", and all 
succeeding words with the extension bit set to "l" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B.9.9.3 "iaa" and "tram" - Reordering RAM a 

The "izz- 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 



525 

re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM. The difference in width has 
no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 
a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 
of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

The re-ordering operation is performed by generating a 
particular sequence of . read addresses ("sequence address 
generation", in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 
by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e.. 
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bloc k r qUirementS ° f ^ IDCT transform 1-din.ensional 
Transpose address sequence generation is quite 
straightforward algorithmically. straight transpose 

sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 
state machine rather than a natural counter. 

inverse zig-zag sequences are rather less straightforward 
to generate algorithmically. Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address 
this being addressed with row and column counters which can 
be swapped in order to change between horizontal and 
J vertical scan modes. a ROM based generator is very quick 

H. t0 dSSign and lt f ^ther has the advantage that it is 

I triVlal t0 im P lem ^t a forward zig-zag (ROM re-program, or 

t0 add ° ther Alternative sequences in the future. 
£ 20 8.9.9.4 "Oned" - single Dimension IDCT Transform 

U ThlS bi ° Ck haS 3 Pipeline depth of 20 stages and the 

jj. Pipeline is rigid when stalled. This rigidity greatly 

U simplifies the design and should not unduly affect overall 

dynamics since the pipeline depth is not that great and 

23 both dimensions come after a ram ^v,<-.u 

lcer a RAIi which provides a certain 

amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 

30 passed through unchanged. Note thai- <-h<* *. • ^ 

«wce tnac the schematic is drawn 

in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 

automatic compiled code generation ✓ , ■ 

ycjierdtion (this explains the 

control logic at the top level) . 

Tokens are parsed as normal and then DATA extensions, and 
other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream. 

The control section of w oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of "izz" and the "tram" ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9. 9. 4.1 Transform Datapath 

The micro-architecture of the transform datapath, M t_dp M 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source'. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows. 

a number of fixed coefficient multipliers 
(carry-save output) 

• carry-save adders 

• carry-save subtractors 

• resolving adders 

5 resolving adder/subtractors 

m 15 All arithmetic is performed in two's complement 

« representation. This can either be in normal (resolved) 

form or in carry-save form (i.e., two numbers whose sum 
| represents the actual value). All numbers are resolved 

before storage and only one resolving operation is 
£ 20 performed per pipeline stage since this is the most 

£ expensive operation in terms of time. The resolving 

0r j operations performed here all use simple ripple-carry. 

| This means that the resolvers are quite small, but 

relatively slow. since the resolutions dominate the total 
time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
taking 22-bit fixed point numbers from the output of the 
second dimension "oned" and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
further divide-by-2 required to compensate for the <2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 -implies that the f ixed point position is 
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interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction). The rounding mode implemented is 
-round to positive infinity", i.e., add one for fractions 
of exactly 0.5. This is primarily done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional increment of the integer part) is complete 
this result is inspected to see whether the 9-bit signed 
result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "idctsels" - idct Register Select Decoder 

This block is a simple decoder which decodes the 4 
microprocessor interface address lines, and the »sel_test» 
input, into select lines for individual blocks test access 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
Table B.9.2. 
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Table a. 9.1 IDCT Test Address Space 

Repeated address 
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B. 9 . 9 . 7 



" IDCT ==ntrol Register and Event, 

This block of the invention contains instances of the 

3 Mt •■vscan.. „hich y can r :i S u r ^ ^.7^^ 
ch n,e such that the IDCT output is verticaily scanned 

This bit is reset to the value "0" i e t-h- ^ * , 
• . u ' i-e-# the default mode 

It":"' 111 ' ™« ™* two posS i b l e events 

are OR -ed together to for, an idctevent signal which can be 
used as an interrupt, see Section B.9.10 for the addresses 
and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two "standard" type ("clkgen", clock generators are used 
in the IDCT This is done so that there can be two 
separate scan-paths. The clock generators are called 

ii llT'..-T t ■■""**•"■ F -«ionall y , the only difference 
is that •■idctcob" does not need to generate the "notrstr. 
signal. The amounts of buffering for each of the dock and 
reset outputs in the two clock generators is individually 

* Tn 7 , C ° a " Ual l0adS driVS " ^ « -set 

The ioads that are matched ^^^^ ^ asured ^ 

gate and track capacitances of the final layout. 

When the IDCT top-level Block Place and Route (BPR) was 

performed, advantage was taken of l. • • • 

w«s caKen of the capabilities of the 

interactive global routing feature to increase the widths 
of tracks of the first sections of the clock distribution 
trees for the more heavily loaded clocks (pho b and phi b, 
since these tracks will carry significant currents. " 
B. 9.9.9 JTAG Control Blocks 

Since the IDCT has two sen*r-^~ ^ . 

. , separate scan-chains, and two 

clock generators, there are two inqt.n^ * 

° ln stances of the standard 
JTAG control block, "jspctle" Thocn 

J F ie ' These interface between the 
--est port and the two scan-paths. 

B-9.io Event and Control Registers 

The IDCT can generate two event? k 

° events and has a single bit of 

control. The two events are irfr-r- «. 

. . ^ re ldct _too_few_event and 

iact too many event which can be oenpraf^ w 

- oe generated by the "decheck" 
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block at th. front of the IDCT if incorrect DATA Tokens . 
detected. The single controi b it is ^scan" which ^ e" 

:.Uc." y r z:z: to T ~ ch :„ IDCT uith the ° ucput 

» i2 z.. h ,„ „ ' tneref °". controls the 

control bt A " SVent l09i= the —V 

control bit are located in the block "idctregs" 

Fro. the point of view of the IDCT. these registers are 

located ln the following locations. The tristate i/o wires 

n_d.rrd and n-serrd are used to read and write to these 

locations as appropriate. 
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Table B.9.2 IDCT Control Register 



Address Space 




Table b.9.3 idct Event Address spa 
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B.9.11 Implementation Issues 
B. 9. ll.l Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 

• conceptually simple 

• easy to design 

speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
•glitches not a problem (cf. SR latches) 

using only system reset for initialization 
allows scan paths to work correctly 
•allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 

B.9.11. 1.1 two-wire interface latehea 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

B.9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZZ sequence generator at the 
output of the ROM. 

B.9.11. i.i Transform Datapa th and control Shift-Register 

It is possible to implement every pipeline storage stage 
as a full master-slave device, but because of the amount of 
storage required' there is a significant savings to be had 
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by using latches. However, this scheme requires the user 
to consider several factors. 

control shift-register must now produce control 
signals of both phases for use as enables (i e 
need to use latches in this shift-register) 
timing analysis complicated by use of latches 
the "t_postc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
enables this is not a problem for the circuit) 
Nonetheless, the area saved by the use of latches makes 
it worthwhile to accept these factors in the present 
invent ion . 

B. 9. 11. 1.4 Micropro cessor interface 

Due to the nature of this interface, there is a 
requirement for latches (and resynchronizers, in the Event 
h and register block "idctregs" and in the keyhole logic for 

nJ RAM cores. 

P B«9»ll*1.5 JT AG Teat Control 

^ 20 These standard blocks make use of latches. 

Q B. 9. 11.2 Circuit Design Issues 

5 Apart fr ° m the Work don * in the design of the library 

g cells that were used- in the IDCT design (standard cells, 

datapath library, RAMs, ROMs, etc.) there is no requirement 
2= for any transistor level circuit design in the IDCT 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis ( CPA) tool in the case of paths that were 
close to the allowed maximum length. 

. Mote that the IDCT -is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow). Due to 
the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 
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B. 9. 11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs , ROM, clock 
generators, datapaths) or, in the case of the "oned- block, 
had been buil.t using BPR from further zcells and datapaths.' 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, »oned_d», is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
datapath layout was performed. m each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly. 
B.9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was d°„. 
in c. both full-precision and bit-accurate integer mod.i 
-ere developed. Various tests were performed on t^ * 

rZZ2° del ^ C ° Pr ° Ve « to the 

a s of Ihe 3 "^?"" 0 " " «» ^.il 

anges of the calculations within the . 
architecture.. transform 

The design progressed in many cases by writing an M 
behavioral description of sub-blocks (for example, the 
control of datapaths and RAKs, . such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that bloc*. In some cases <e g 
RAMS clock generators, the behavioral descriptions were 
stm used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
U.e zcells and kdplib, were mainly simulated using their 
behavioral descriptions since this results in far smaller 
and guicker simulations. Additionally, the behavioral 

"'J Pr ° Vide features which can 

highlight some circuit configuration problems. As a 
confxdence check, some simulations were performed using the 
transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and 
therefore, were intended to verify functional performance. 

The verification of the r« i n™t ^ > 

^ne real timing behavior is done with 

other techniques. 

Lsim switch-level simulations (with RC_Timing mode being 
used, were done as a. partial verification of timing 
Performance, but also provide checks for some other 

potential transistor level problems ( - „ 

^ Aeras ( e -g., glitch sensitive 

circuits) . 



The main verification technique for checking timing 
>blems was the use of the CPA tool, the "path" option for 
»t.chk«. This was used to identify the longer signal 



paths ( some were already known ) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compi led-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

B.9.13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows : 

* microprocessor access to RAM cores 

* microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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"decheck" block to the "ip_fmt* block and the latter from 
the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
The same is true of the RAM cores (using the "ramtest" 
input as appropriate) . The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
B. 9.13.1 "Decheck" 

This block has the standard structure (see Figure 13 9) 
where two latches for the input and output two-wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 
extension count where a 6-bit incrementer is used. 
B. 9. 13.2 "In" 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 
implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 
decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B.9.13.3 "lp_fmt" 

This block again has the standard structure. Control 
logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple 
B.9.13.4 "Oned" 

Again, this block follows the standard structure and 
divides into random logic and datapath sections. The zcell 
logic is relatively straightforward/ all the zcells are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zcell latches which are on the scanpath. 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e g 
multipliers and adders). The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 
there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz" block. In this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algor ithmically . 
All the zcell control states are on datapath »b" . 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 
logic is fairly simple. All states are scanpath "b». 
B.9.13.7 other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
features,. The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
"idctregs" contains the microprocessor accessible event and 
control bits associated with the IDCT. 
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SECTION B, 10 Introduction 

B.10.1 Overview of the Tuportl Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 14 2. 
5 All data flow between the blocks of the chip (and much of 

the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 

10 synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 4 51; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 

15 FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 454 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 4 55 (P and 
B frames) . During MPEG decoding, frame reordering data 

2 0 must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456. 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 

2 5 write-back, the data which is written back being split from 

the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458. 

All the major blocks in the Temporal Decoder are 
30 connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
459. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 

3 5 microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the IEE 1149. 1 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture . 
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SECTION B.li Clocking, Test and Related Issues 
B.ll.i Clock Regimes 

wi^T^e i:T* r r the individuai functionai 

» the clock reo " helPfUl t0 haVS " a PP--«ion of 

.^^Ho °::rr • ; ost bioc * s ° f ^ ^ ™ 

i „ , signal pllsysclk from the phase- 

locked-loop (PLLl hin/-i, pnase- 
P PLL) block. The exception to this is the DRAM 
interface whose i-imin^ ukah 

synchronous to the i ft i ne IT,^ * <° >° 

e PLL ckl °- c) ^il and clkqo, ckql 

Because the elkO. elk, DRAM interface clocks are 
asynchronous to the docks in the rest of the chip 
measures have been taken 1-0 -1 • ■ P ' 
metastabi* k h eliminate the possibility of 

metastable behavior (as far as practically possible) at the 

interfaces between the DRAM interface and * h 

rhin nwrace ar »d the rest of the 

chip. The synchronization occurs i n two areas . in 

output interfaces of the 

, ^ ^ tne Address Generai-nr 

(addrgen/predread/psgsync adrirn , - venerator 

y ' addrgen/ip wrt2/svnci8 

swinging of the swing-buffer RAMc= ; „ +-u 
' ction on the DRAM In r^e, ^ e T 
synchroni.atlon process is echoed' by Ye a n s Tu^ 

»etastable-hard flip-flops i„ series rt I * 

that fhl. series. it should be noted 

e Sof , eanS Clk ° /Clkl ^ USSd in th. output 

stages of the Address Generator. 

In addition to these coniDletelv « 
reai m „ ^ completely asynchronous clock 

whlc 1 3 nUmber ° f S6pa " te dock generators 

fro on two-ph... non-overlapping clocks (phO, phi) 

from pllsysclk. The Address Generator d ■ • 
and dram r * erator ' Prediction Filters 

ana DRAM Interface each have their oun ~, , 
the ™»- ^ ^ U own dock generators; 

the remainder of the chip is run off * , I 

iun ort a common clock 
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generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 
different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.li.4) ensures that this. does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 
front of the Address Generator, where the ^synchronization 
is performed in the Token Decode block. 
B.11.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 
scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tpho, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 
paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

During normal operation, the master clocks can be derived 
in a number of dif f erent. ways . Table B.li.i indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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Table B.ll.l Clock Control Modts 



B.11.3 Tha Tvo-vire Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
5 the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
10 two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 143. 
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Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 
interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in — accept latch in the 
same way as out_ valid and out_accept are gated. Data and 
valid signals then propagate when the corresponding accept 
signal is high. By ORing in_valid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 
a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 14 3, 
in_accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 
master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.11.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 
Interface. There are two types of snooper blocks. 
Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 
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1 Location 


Tyce 


j accrservvec_?ioe/snoop23i 


Snoooer 


! addrgervcr.t_sioe/m»dsno 


Snooper 


| aadngervcn(_pipe/*nesnp 


Snooper 


! acdfgervpfecreaa/snoooz4-d 


Snoooer 


j acdr$ervip_wTt2.'superziO 

1 ■ 1 


Suoer Snooper 


j aaorgervio_--c2/suDerztO 


Super Snooper 



Table B.11.2 Snoopers in Temporal Decoder. 



dramx/eramif/ifsnoop^snoopzi s (f $np ) 



dramx/dramiMfsnoops^snoopzi s (bsnp) 




aramx/dramt//if$nooos/suoer29 
wrudder/sup«rr9 



Table B.11.2 Snoopers in Temporal Decoder 

Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document. 
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SECTION B.12 Functional Blocks 

B«12.1 Top For* 

The Top Fork, in accordance with the present invention, 
serves two different functions. First, it forks the data 
stream into two separate streams.: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
□ the valids of the two branches of the fork are dependent on 

|j the accepts from the other branch. If the chip is in a 

qq 15 stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
f ol lows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 
been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high . 

3) When seq_done goes high, set an event bit which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block. 

B.12.2 Address Generator 

In the present invention, the address generator (addrgen) 
is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from th . token input port (v _ a 
and its output to the DRA> , incerface cons . sts Qf 

The principal sections of the address generator are- 

* token decode 

• block counting and generation of the DRAM block 
address 

conversion of motion vector data into an address 
offset 

■ request and address generator for prediction 
transfers 

■ reorder read address generator 
write address generator 

B. 12. 2.1 Token Decode (tokdec) 

stand* T T" 6 " DSCOder - t0ke " S —«*i«t.d with coding 
standards, frame and block information and motion vectors 
are decoded. The information extracted from the stream is 
stored in a set of registers which may also be accessed via 
the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation. Nothing happens when running JPEG. 

List of tokens decoded: 

• CODING_STANDARD 

• DATA 

• DEFINE_MAX_SAMPLING 

• DEFINE_SAMPLING 

• HORI ZONTAL_MBS 

• MVD_BACKWARDS 

• MVD_ FORWARDS 

• PICTURE_START 

• PICTURE_TYPE 

• PREDICTION_M0DE 

This block also combines information from the request 
generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 

new frame appears at the input (in tne form of a 
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picture_start token, but the writeback or reorder read 
assorted with the previous frame is incomplete 
B.12.2.2 Macroblock counter (mblkctr) 

5 of ^'"ZT^ ° £ P """ t in "'""-" ~„.l.t. 

vertical COU "" rS " hiCh P ° int C ° thS -nd 

vertical position of the macroblock in the frame and to the 

horizontal and verH^i • «. ■ 

Mprnhl „ ve rtical position of the block within the 

macroblock. At t-ha • • 

At the beginning of time, and on each 

Token headers arrive, the counters increment and reset 
accordxno to the color component number in the token header 
-d the frame structure. This frame structure is described 
g by the sampling registers in the token decoder 

f 15 fo , F 1 ° r 3 9iVe " COl ° r c< ""P°" e "t, the counting proceeds as 

w. follows. The horizontal block count is incremented on each 

;J3 new DATA Token of the same component until it reaches the 

m "T, ° f ~« oW «*. then it resets. The vertical 

6 thTh "T in «—"'- by this reset until it reaches 

- 20 this T ^ maCr0bl0Ck " " d th.„ it resets. When 

g " -PP.™. the next color component is expected. Hence 

" IcroorT" " rSPe " ed ° f thS =-P—ts in the 

macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If. for any component, fewer blocks are received than are 
2= expected, the count will ,tii, „ 

win still proceed to the next 
component without error. 

When the color component of the DATA Token is less than 

the expected value, the horizontal macroblock count is 

incremented. (Note that this win also occur when more 

than the expected number of blocks appear for a given color 

component, as the counters will then be expecting a higher 

component index.) This horizontal count is reset when the 

count reaches the picture width in macroblocks. This reset 

increments the vertical macroblock count. 

There is a further ability to count m »,.,.„w, 

count macroblocks in H.261 

CIF format. In this case, there is an extra level 
hierarchy between macroblocks and the picture called the 



30 



35 



group of blocks. This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the CIF bit from the PICTURE_TYPE token 
and passes this to the macroblock counter to instruct it to 
count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above. 

B. 12.2. 3 Block calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
within-macroblock coordinates into* coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

B. 12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 
number of blocks down times the width of the picture plus 
the number of blocks long. This is added to the color 
component offset to form the base block address. 
B. 12.2. 5 Vector Offset (vac_pipe) 

The motion vector information presented by the token 
decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 
these coordinates may be positive or negative. They are 
first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 145, the shaded area represents the block that 
is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel off set . 
the position of the prediction block origin within that 
DRAM block. As the DRAM block is 8x8 by tes , ^ p ^ 
offset looks to be (7,2). ^ 

The multiplier array vmarrla then converts the block 
vector offset into a linear vector offset. The pixel 
xnformation is passed to the prediction request generator 
as an (x,y) coordinate (pix_info) . 
B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3). if the pixe i offset is zero 
only one request is generated. if there is an offset in 
either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. with an 
offset in both x and y, four requests are generated 

Synchronization between the chip clock regime and the 
DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 

(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 
chain . 

B.12.2.7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 
as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/write data interacts 
with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B.12.2.S Offsets 

The DRAM is configured as two frame stores, each of which 
contains up to three color components . The frame store 
pointers and the color component offsets within each frame 
must be programmed via the upi. 
B . 12 • 2 • 9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

• Between blkcalc and bsblkadr - this interface comprises 
the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component). 

After bsblkadr - the base block address. 
After vec_pipe - the linear block offset, the 
pixel offset within the block, together with 
information on the prediction mode, color component 
and H.261 operation. 

After Inblkad3 - the physical block address, as 
described under "Prediction Requests". 

Super snoopers are located in the reorder read and write 
request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12.2.10 Scan 

The addrgen block has its own scan chain, the clocking of 
which is controlled by the block's own clock generator 
(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 "Prediction Filters 

The overall structure of the Prediction Filters, in 
accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
input of the backward filter should be permanently low 
because H.261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages* 
B. 12.3.1 a Prediction Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
its input. It can be seen from Figure 14 7 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
first. 

B. 12. 3 . 1.1 H.2 61 Operation 

The one-dimensional filter equation used is as follows: 

F; = ^ >-l n <i< 6 ) 

F i = -r. (otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 
Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 
reset and the data passes unaltered through registers B , D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 
Thus, all values are multiplied by 4 (more of this later). 
For all other pixels, x i+l is loaded into register C, x ; into 
register B and x^, into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently* The control and the counting 
of the pixels within a row is performed by the control 
logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12.4.2) after both 
horizontal and vertical filtering has been performed, so 
that arithmetic accuracy is not lost." Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h261_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 
presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

Between the x and y filters, the Dimension Buffer buffers 
data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 
the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 
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Table B.12.1: H.261 Dimension Buffer Sequence 

Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks.) 

F(x) indicates the function in H.261 filter 
equation . 
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B. 12. 3. 1.2 KPEQ ODTttioq 

During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

F i = Xi *2*' (0<i< 8,hali pel) 
F. = x.(0</<7,integerp*/) 



This is the default filter operation unless the h261__on 
5 input is low. If the signal dim into a l-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h2 61_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
10 a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12.2. 
Referring to Figure 148, "l-D Prediction Filter,", the 
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Table B.12.2 l-D Filter Operation 



operation of the 1-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H 261 
For MPEG half-pel operation, register A is permanently 
reset and the output of register c is shifted left by i 
(the output of register B is always shifted left by i 
anyway). Thus, after a couple of clocks register F 
contains (2B + 2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 
y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 
one row. it is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because the filtering operation converts 9-pixel rows 
into 8-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation 
the x-filter inserts a gap at the end of each row (after 
every 8 pixels); the y-filter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 
out of the FIFO. This minimizes the worst-case throughput 
of the chip which occurs when 9x9 blocks are being 
filtered. 

B.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_lst_byte 
signals are active, indicating the last byte of the current 
prediction block. if the current block is a forward 
prediction then only f wd_lst_byte" is examined. If it is a 
backward prediction then only bwd_lst_byte is examined. if 
it is a bidirectional prediction, then both fwd_lst_byte 
and bwd_lst_byte are examined. 

The signals fwd_on and bwd_on determine which prediction 
values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 
15 active. 

Two criteria are used. to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 
buses fwd_p_num[l:0] and bwd_p_num [ 1 : 0 ] . These buses 
contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 
predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 
valid backward data arrives with bwd_ima_twin 
set and then it goes through the blocks averaging 
each pair of prediction values. 
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2) If valid backward data is present and 

bwd_ima_twin is high, then the block stalls until 

valid forward data arrives with f wd_ima_twin set 

and then it proceeds as above. If forward and 

5 backward data are valid together, there is no 

stall. 

3) If valid forward data is present, but 
fwd_ima_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 

10 previous prediction plus one (stored in 

pred_num) then the prediction mode is set to 
forward . 

^ 4) If valid backward data is present but 

2 bwd_ima_twin is not set, then bwd_p_num is 

01 15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that "early_valid» signals from one stage back in 
20 the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
25 the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_ist_byte and/or bwd_lst_byte are valid. 
This saves about 25 three-bit pipeline stages in 

20 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
35 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 



B.12.4 Prediction Adder and FIFO 

The prediction adder (padder) -forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING_STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
mtra-coded data, including JPEG. 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. m 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs 
Where the end of the filter data is detected before the end 
of the DATA Token, the remainder of the token continues to 
the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

There is no snooper in either the FIFO or the prediction 
adder, as the chip can -be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12.5 Write and Read Rudders 
B. 12. s.i The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 
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data blocks in I or P pictures in MPEG, and all data blocks 
" "- 261 t0 thS DRAM -terface so that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write Rudder decodes the following tokens: 



m 

o 



o 



Token Name 


Function in Write Rudder 


CODING.STANOARD 


Wnte-back is rhibited for JPEG streams. 


PICTURE.TYPE 


Wnte-back only occurs In 1 and P frames, not 3 frames. 


DATA 


Only the data within DATA tokens is wrinen back. 



10 



15 



B.12.3 Tokens Decoded by the Write Rudd 



er 



After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. m normal operation, this will align with the 
point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is i ikely tnat the next 
few output pictures would be incorrect) . 
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B. 12 .5.2 The Rud Rudder (r rudder) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1, 
"Top Fork") . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



Token Name 


Function m Read Rudder ! 


FLUSH 


Signals to Top Fork. i 


CODING_STANDARD 


Reordering is inhibited if the coding standard is not MP£G. ! 


S£QUENCE_START 


The read-back data (or me first picture of a reordered secuerce -s :.-.vand. 


P1CTURE_START 


Signals that the current cutout FIFO must 0e swapped {' or P ~:c:,;res) 
The first of the picture header tokens. 


PiCTURE.END 


All tokens aeove the pcture layer are allowed through 


TEM PORTA L_REFERENCE 


The second of ihe picture header tokens. 


P!CTURE_TYPE 


The tnirc of the picture header tokens. 


DATA 


When reordering, the contents of DATA tcker.s are rer azsc 
reordered data. 



Table B.12.4 Tokens decoded by the Read Rudder 
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The reorder function is turned on via the Microprocessor 
interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works 
consider the input and output control logic separately' 
bearing in mind that the sequence of tokens is as follows! 
CODING_STANDARD 
SEQUENCE_START 
PICTURE_START 
TEMPORAL_REFERENCE 
PICTURE_TYPE 

Picture containing DATA Tokens and other tokens 
P I CTURE_END 

PICTURE_START 

B. 12 . 5.2 . 1 Input Control Log in 

From the power-up, all tokens pass into FIFO 1 (called 
the current input FIFO) until the first PICTURE_TYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTURE_TYPE for an I or P picture is 
encountered and FIFO 1 becomes the current input FIFO 
again. Within I and P pictures, all tokens between 
PICTURE_TYPE and PICTURE_END, except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 
stream, where they would have no meaning. 

A three-bit code is put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 
B. 12. 5. 2. 2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 
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is encountered, after which F!FO 2 becomes the curr-nt 
output „PO. R e t errino oac* to Section B.12.,.,.!. lt „ 

"tlLl" r T F - Ir0 TE I P0RA T L h - REFERENCE ^ PICTURE_START are 
FIFO i. The current output FIFO is swapped 
every time a picture start code is" encountered in an I or 
sto r T ,^ COrdingly ' the «r.. picture header tokens are 
stored until .th. next I or P frame, at which time they will 
become associated with the correctly reordered data. B 
Pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 

Picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 

Tokens in the token stream is replaced by reordered data 

from the DRAM Interface. During the first picture, 
reordered" data is still present at the reordered data 

input because the Address Generator still requests the DRAM 

Interface to fetch if T k;„ • , 

ZCn Xt * Thls 13 considered garbage and is 

discarded. 
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SECTIONS. 13 The DRAM Interface 

B.13.1 Overview 

in the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. m all three devices, the 
function of the DRAM Interface is to transfer data from the 
chxp to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 
other two to read forward and backward prediction data. In 

the Video Formatter, one swing buffer i= «. 

v uuuer is used to transfer 

data to the DRAM and the other three are „ cd h «.„ ^ ^ ~ 

^wiee are used to read data 
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from the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) . 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
The following section describes the features peculiar to 
the Temporal Decoder. 

B.13.2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13.1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 
Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 
motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 
formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be fetched from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 
are generated - the original block address and the one 
either immediately to the right or immediately below, with 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (i, l) , as illustrated by the 
shaded area in Fig. 152 and Fig. 26, The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
sequence of row addresses quickly. The solution is to use 
"start/stop* technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
DRAM Interface) . The x value in the^ coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

. . . , . . . , 57, . . . , 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
(0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

Consider block A. At the start of reading, the swing 
buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. In this case 
while the DRAM Interface is reading address 9 in tne 
external DRAM , the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
DRAM address register is incremented, as illustrated in 
Table B. 13 . 1 : 

Table B.13.1 Illustration of Prediction Addressing 



sxt ORAM Address 



Swing Suti Address 



* -/-stag, -stan | p .-ggs. — , , ^- 
! 111 no 

. I * (001011 

I 5 I 001 111 



Ext ORAM Ad. 
(Binary) 



Swip~ 3cf? Ad. 



13 



010010 



I 001 001 



o 
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15 
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The dxscussion thus far has centered on an 8 bit DRAM 
interface. m the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped., so that it points to a 16 or 32 
bit boundary. m the example we have been using, for blocK 
A the first DRAM read will point to address o, and data in 
addresses 0 through 3 will be read. Nex t, the unwanted 
data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
physically bigger than was necessary in the 8 bit case, and 
reading with an offset. When performing MPEG half -pel 
interpolation, 9 bytes in x and/or y must be read from the 

DRAM Interface. in this caw +-i 

" 1S case, the address generator 

provxdes the appropriate start and stop addresses and some 
additional logic in the DRAM Interface is use d, but there 
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is no fundamental change in the way the DRAM Interface 
operates . 

The final point to note about the Temporal Decoder DRAM 
interface is that additional information must be provided 
to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 
a "last byte" signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

■ an H. 261 flag 

•a bidirectional prediction flag 

two bits to indicate the block's dimensions (8 or 9 
bytes in x and y) 

a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 



SECTION B. 14 UPI Documentation 
B.14.1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are: 

UPI 

UPI101 

UPI102 

DINLOGIC 

DINCELL 

UP IN 

TDET 

NONOVRLP 

WRTGEN 

READGEN 

VREFCKT 

The circuits UPI, UPHOI, UPH02 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
address input. 

Input/Output Signal « 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
these signals: 

• NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 

E21nputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt) . 

RNOTWinputRead not Write signal from the Pad Input 
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Driver (Schmitt) . 

ADDRI N[ 7:0]InputAddress bus signals from the Pad 
Input Drivers (Schmitt) . 

NOTDIN[7:0]Inputlnput data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map). 
INT_ADDR[7: 0 ]OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map) . 

INTDBUS[7: 0 ]Input/OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRiTE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 
2 5 General gomiaents : 

The UPI schematic consists of 6 smaller modules- 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN , WRTGEN. It 
should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
30 interface other than the microprocessor bus timing signals 
which are asynchronous . to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
3= external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 



The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block . 

The overall function of the UPI is to take the address, 
data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are I NT_RNOT W_ I NT_ AD DR [ . . . ] , 
INTDBUS[...] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. it should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 
that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits . 

Also, the presence of the INT_RNOTW and the READ_STR, 
WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INT_RNOTW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

The internal databus is precharged High during a read 
cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 
translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 

Circuit Details : 

UPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 
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change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
generates the signals: 

TRAN- which indicates a transition on one of the 
input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 

CHIP_EN- which indicates that the chip has been selected. 
TDET - 

This is the single bit change detect circuit. it 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 
15 by the signal UPDATE . These two non-overlapping signals 
B come from the module NONOVRLP. The general operation is 

S SUCh that an in P ut transition causes a CHANGE which, in 

turn, causes a SAMPLE . All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 
goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPD_DONE. 

NONOVRLP- 

This circuit is basically a non-overlapping clock 
generator which inputs TRAN and generates SAMPLE and 
UPDATE . The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed . 
DINLOGIC- 

This module consists of eight instances of the data input 
circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 
3 5 DINCELL- 

This circuit consists of the data input latch and a 
tristate driver 'to drive the internal databus. Data from 
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the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pullup are also included in this 
module. 

WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. it should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 
because the data in P u t to the chip is sampled only on the 
|" back ed< 3 e of the cycle. Hence, data is only valid after a 

J" normal access cycle has concluded. 

|T! READGEN- 

= y 

O This circuit, as its name suggests, generates the 

READ_STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
precharged before a READ_STR begins. In order to stop a 
PRECH pulse tending to. zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

The VREFCKT is the only circuit which controls the self 
timing of the interface. Both the delays, l/Width of 
WRITE_STR and 2 /Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor 
controlled by a signal VREF and 'this voltage is set by 
diffusion resistor of 25K ohm. 
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SECTION C-l Overview 
C. 1. l. Introduction 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155, There are 
two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion .and gamma correction, 
and a final control block which regulates the output of the 
processing pipeline. 
C.1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 
manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 
buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 
buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 
displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 
(presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 
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pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
5 either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
C.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
10 Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
O DRAM interface where it is written into a swing buffer. 

J Note that DRAM addresses are block addresses, and pictures 

53 15 in the DRAM or organized as rasters of blocks. Incoming 

picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 
O 20 The arrival buffer index provided by the buffer manager 

J is used as a " address offset for the whole of the picture 

p being stored. Furthermore, each component is stored in a 

O separate area within the specified buffer, so component 

offsets are also used in the calculation. 

2 5 C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 

3 0 index from the buffer manager. Having received an index, 

it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
35 synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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of the three components that are compatible with the page 
structure of the DRAM. The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
5 C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
10 ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 
three 8-bit buses, multiplexing as necessary. 
C.i.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter. First, there is a 
system clock, which provides timing for the front end of 
the chip (address generators and buffer manager, plus the 
front end of the DRAM interface). Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline). 

Each of the two aforementioned clocks drives a number of 
on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W*). Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out*). D*, 
30 w* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 
25 "bushy_ne" (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE* . The 
section of the pipeline from the gamma RAMs onward 
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clocked on a separate, but similar, clock (R*). bifR# N£# 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management- 
C.2.1. introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
C.2. 2 Functional Overview 

A three-buffer system allows the presentation rate and 
the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". m a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a PICTURE_START token 
is detected at the input. This buffer is then flagged as 
IN_LSE. On PICTURE_END, the arrival buffer will be de- 
allocated (reset to zero) and the" buf fer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. If 
there is a buffer flagged as READY, then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated . 

Each time the presentation number changes, it is detected 
and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the READY-ness of any 
buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL_REFERENCE tokens in H.2 61 cause a buffer's 
picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 
buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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C.2.3 Architecture 

C. 2 . 3 . l Interfaces 

C. 2 . 3 . 1 . i. Interface to bm front 

All data is input to the buffer manager from the input 
FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3 , 1.2 interface to vaddraen 

Tokens (8 bit data, l bit extension) are transferred to 
the write address generator via a two-wire interface. The 
arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTUR£_START 
token arrives at waddrgen. 
C.2.3. 1.3 Interface to dispaddr 

The interface to the read address generator comprises two 
separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

The sequence of events normally associated with the 
dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C. 2 . 3 . l . 4 Microprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
C. 2. 3. 1.5 Events 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture n ^ber is less than the current presentation 
hj number, i.e., the processing in the system pipeline up to 

O the buffer manager has not managed to keep up with the 

2 presentation requirements. 

20 C. 2. 3. 1 .6 Picture Cloelc 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or taken from an external source 
(normally the display system) . The buffer manager accepts 
both of these signals and selects one based on the value of 
pclk_ext (a bit in the buffer manager's control register) . 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
from the chip. 
C.2.3.2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
c. 2. 3. 2.1 i nput/Output block fbm input) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_valid/accept ) . 
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general pointer to a buffer Th i « 

Uiier - This reoister nP t <= 

incremented ( " D" innrn- , 9 gets 

examining their status h " ^ thr ° U9h th " 

„„. * status, or which gets assigned the value of 

z: i^z d :r-r - — — - — — : 

„,.,... •!, registers (pho versions) are 

accessi ble tm the microprocessor as part of the test 
address space, old.ix is just . re . ttmed versi(jn Qf 
and is used for enabling buffer status and picture number 
registers ln the bm_stus block. Both buf_ix and old i* are 
decoded into three signals (each can hold the value ~1 to 3) 
which are output fro m this block. other outputs indicate 
whether buf_ix has the sane value as either arr buf or 
disp_buf. and whether either of rdy_buf and disp b"uf have 
the value zero. Zero is not a reference to a buffer It 
merely indicates that there is no arrival/dispiay/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 
determine if the current buffer index (buf ix , is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. a "i» in the control 
register indicates a three-buffer system, and a " o " 
indicates a two-buffer system. 
C. 2. 2. 2.3 Buffer Status 

The main components in the buffer status are status and 
Picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 
a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level). Buffer status, which is decoded at the 
bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value incremented by one (or one nl 

delta, the difference between actual and ? 
r.^* een actual and expected temporal 

n: bi i\:t case ° f H - 26i) - This — e - 

to this add PrSSent " M ° Ck - The fir « input 

this adder is this_pnu„,, the picture nurcber of the data 
currently being written. 



Suffer Status 1 VaJu€ 


EMPTY 


00 


FULL 


01 


READY 


. 10 


IN_USE 


11 



Table C.2.1 Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 
registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) 
This_pnum is reset to -1 so that when the first picture 
arrives it is added to the output from the adder and 
hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 
C.2.3.2.4 Presentation Mumhar 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 



587 



was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
5 block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 

10 the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_ prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 

15 to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result . 

2 0 C.2.3.2.S Temporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

2 5 The function of this block is to calculate delta, the 

difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 
30 tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 

3 5 indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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in the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -i, and is incremented by either l or 
delta during the sequence of temporal reference states. m 
addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
controlled by the signal delta_calc. 
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C.2.3.2.6 Control P» 7 < .» , ra , btn , IT - Oqo? 

blocKT 1 re9iSterS f ° r the buff - «n.g.r reside in the 
block bm.uregs. These are the access bit register, setup 
regxster (defining the maximum number of external buffers 
and internal/external picture clock), and the target index 
regxster. The access bit is synchronized as expected. The 
signals stopd_o, stopd_i and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. u P i 
address decoding for all of bmlogic is done by the block 
bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 

c -2.3.2.7 Controll ing Stat-n Machine 

The state machine logic originally occupied its own 
1= block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic . 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 
the control of other bmlogic blocks, and the new state 
encodxng, including the flags from_ ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bm_index. 
2 5 Signals in the state machine hardware have been given 

simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M . description of bmlogic 
30 (bmlogic. M) . 
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Table C.2.2 Signal Names Used in the State Mach 
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Signal Name 
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Table C.2.2 Signal names Used in the State Machine 

C - 2 • 3 - 2 • 8 Monitoring Oper ation (hminfol 

In the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
presentation number can be observed during simulations. It 
is written in M and produces an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table C.2.3 shows the user-accessible 

registers, and Table C.2.4 shows the contents of the test 
space . 
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Table c.2.3 User-Accessible Registers 
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Table C.2.4 Test Registers 
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C.2.4 Operation of The Stat* Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157, and also as described in the 
5 behavioral description bmlogic.M. 



State 


Wall ia 

vaiue 


Q q r* c n 


0x00 


PRES1 


0x10 


ERROR 


0x1 F 


TEMP_RSF0 


0x04 


TEMP_REF1 


0x05 


TEMP.REF2 


0x06 


TEMP_REF3 


0x07 


ALLOC 


0x03 


NEW_£XP_TR 


0x00 


SET_ARR_!X 


OxOE 


NEW.PlC.NUM 


OxOF 


FLUSH 


0x01 


ORO 


0x08 


TOKEN 


OxOC 


OUTPUT_TAIL 


0x08 


VACATE.ROY 


0x17 


USE.ROY 


OxOA 


VACATE.DISP 


0x09 | 

f 


PICTURE.ENO 


0x02 j 



Table C.2.5 Buffer States 
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C.2.4.1 The Reset 8t*t« 

The reset state is PRESO, with flags set to zero such 
that the main loop circulated initially. 
C.2.4.2 The Main Loop 

The main loop of the state machine comprises the states 
shown in Figure 153 (high-lighted in the main diagram - 
Figure 152) . States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in C.2.3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ . Each cycle around the PRES0-PRES1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated . This process is repeated until all 
buffers have been examined (index — max buf ) and the state 
then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic_num - pres_num)>=128) 
or 

(pic_num<pres_num)&&((pres_num - pic_num)<=128) 
or 

pic_num = pres_num 

* State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
described later) . Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 



is ready for display, its index is issued and its state is 
updated. If necessary, the previous display buffer is 
cleared. The state machine then advances as before 

State TOKEN is the typical option for completing the main 
loop. if there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections) , otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
conditions are met. These are described in the following 
sections. 

C.2.4.3 Allocating The Ready Buffer Index 

If during the PRESO-presi loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 
because only one buffer can be designated ready at any 
time. state VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that when control returns to the PRESO state, all 
buffers will be tested for readiness. The reason for this 
is that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it) and there is no 
record of our intended new ready buffer index. it is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer index 

Allocation of the display buffer index takes place either 
directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy.buf is set to zero, and the index is reset to i to 
return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN, FLUSH and ALLOC does not need to be made in state 
USE_RDY. 

C.2.4.5 Operation when PICTURE_END Received 

On receipt of a PICTURE_END token, control transfers from 
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a readv " PI ™™-™ — " the index is not 

already pointing at the current arrival buffer , it is set 

i:r::: here so that its status can be — - 

5 updat T - aCC - re9 en " fUil trU6 ' — «„ bl 

updated as described below. If not , control 

state PXCTUHE_ END until they are both true. The en full 
signal is supplied by the write address generated to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore, 
10 safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
Q result of the test. if it is ready> rdy _ fauf _ s ^ ^ 

fi value of its index and the set_la_ev signal (late arrival 

Uj 15 event) is set high (indicating that the expected display 

P 90t ah6ad in time of the decoding, . The new value of 

j= arr_buf now becomes zero and, if the previous ready buffer 

needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY . Otherwise, the 
index is reset to 1 and control returns to the start of the 
main loop. 

C.2.4.6 operation When PICTTOE_START Received (Allocation 
of Arrival Buffer) 

When a PICTURE_START token arrives during state TOKEN , 
the flag from_ P s is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN . state ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
30 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
allocated to arr_buf and its status is flagged as IN_USE. 
Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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pir^m"'* ind6X (C ° ntained in •«« word following the 
PICTURE.START, to d et ermi ne if it is the same as targ ix 
(the target index specified at setup, and, if so, 
SSt - lf+ - ev (inde * ^und event) is set high. 

The three states NEW_EXP.TR, SET_ARR_I X and NEW_PIC NUM 
set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the index to be arr_buf so that the correct picture number 
register is updated (note that this_pnum is also updated) 
Control then proceeds to state OUTPUT_TAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 
presentation flags or display requests. 
_j c.2.4.7 operation When FLUSH Received 

£ A FLUSH token in the data stream indicates that sequence 

Q information (presentation number, picture number, rst_fld) 

L Sh ° Uld bS This can occur when all of the data 

• Q 20 leading up to the FLUSH has been correctly processed 

£ Accordingly, it is necessary, having received a FLUSH, to 

j- monitor the status of all of the buffers' until it is 

p certain that all frames have been handed over to the 

display, i.e., all but one of the buffers have status 
25 EMPTY , and the other is IN_USE (as the display buffer). At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN, the flag 
from_fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 
30 TOKEN. state FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 
When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to 1. 
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The flag f rom fl i s ro,--,,- ar ,n „u 

~ the norfflal ^in loop 

operation is resumed. 

C.2.4.8 Operation When TEMPORAL_REFERENCE Received 

When a TEMPORAL.REFERENCE token is encountered, a check 
is made on the w ^ necK 

TEMP Rrrn * ' lf = the f ° ur 

TE„P_ REF0 to TEMP _ REF , are visiced These ^^^^ 

following operations: 

TEMP_REFO : temp_ref =in_data_reg ; 

TEMP_REF1 : del ta=temp_ref -exp_tr ; index=arr_buf ; 
TEMP_REF2:exp_tr=delta+exp_tr; 

TEMP_REF3 : pic_num [ i ] =this_pnum+del ta ; index=l . 
C2.4.9 other Tokens and Tails 

State TOKEN passes control to state OUTPUT_TAIL in all 
cases other than those outlined above. Control remains 
here until the last word of the token is encountered 
Un_extn_reg is low, and the main loop is then re-entered. 
C-2.5 Applications Notes 

C2.S.1 state Machine Stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 
timing events of picture clock and display buffer request. 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 
manager. A typical sequence of states may be PRESO, PRES1 
DRQ, TOKEN , OUTPUT.TAIL, each, with the exception of 
OUTPUT.TAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 
PRESO , PRES1 and DRQ, thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 
on a once-per-f rame basis. 

C.2.5.2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 
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the schematic shown in c ? i -> „ 

„„ . c " m c. 2. 3. 2. 4 means that presentation 

number free-runs d urin g upi accesses. If presentation 
number ls required to be the same when access is 
re -qu.shed as it was when access was gained, this can be 
effected by reading presentation" number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 

C2.S.3 H2 61 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogxc. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 
frames are always sequential. 
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SECTION C.3 Write Address Generation 
c.3.1 Introduction 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 
stored so that lines may be retrieved easily for display. 
C.3. 2 Functional overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token) , the write address generator is 
required to produce a new block address. It is not 
necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in- the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 
obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

Considering the picture format shown in Figure 161, 
expected address sequences can be derived for both standard 
and H.261-like data streams. These are shown below. Note 
that the format does not actually conform to the H.261 
specification because the slices are not wide enough (3 
macroblocks rather than 11) but the same "half -picture- 
width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" . Data arrives as 
full macroblocks, 4:2:0 in the example shown, and each 
component is stored in its own area of the specified 
buffer. 



Standard address sequence: 
000.00 1 .0OC.OOD, 1 00,200; 
002.003.00E.OOF.1 01 ,201 ; 
004.005.010,011,102.202; 
006.007,01 2,01 3. 1 03,203; 
008,009,014,015.104,105; 
OOA.006,01 6,01 7, 105,205; 
018,019,024,025,106,107; 
01A,01B,026 



080,08 1 ,08C,08D, 1 22,222; 
Oa2,083,08E.08F.123,223; 

H261-type sequence: 

000.001 ,00C,0OD. 1 00.200; 

002.003.00E.OOF.101.201; 

004,005,01 0,01 1 . 1 02,202; 

018,019.024.025.106.107; 

OIA.OIB.026,027,107,207; 

01 C.01 D.028.029, 1 08,208; 

030.03 1 .03C.03D. 1 0C.20C. 

032.033.03E.03F. 1 0D.20O; 
034,035,040,041 .1 0E.20E; 
006,007,0 1 2.01 3, 1 03,203; 
008.009,014,015,104,105; 
00A.00B.01 6.01 7. 1 05.205; 
01 E.01 F,02A,02B. 109,209; 
020.02 1 .02C.02D, 1 0A.20A; 
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022.023.02E.02F, 1 0B.20B 
036.037.042.043. 10F.20F 
038.039.044,045,110.210 
C3A.03B.046.047. 11 1.211 
048.049,054,055,112.212 
04A.048.056 



06A,068,076,077, 11 D t 21 0; 
07E.07F.08A.08B. 1 21 .221 ; 
080.081 .08C.08D, 122.222; 
082.083.08E.08R1 23;223; 

C • 3 . 3 Architecture 
C. 3 . 3 . l Interfaces 

C. 3 .3. l.l In terface to buffer manag er 

The buffer manager outputs data and the buffer index 
directly to the write address generator. This is performed 
under the control of a two-wire- inter face . In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely, linked. They do, however, operate from 
two separate (but similar) clock generators. 
C.3,3. l,2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire- interface , and the dramif uses each of them in 
different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
C. 3 .3. 1.3 Microprocessor Interface 

The write address generator uses three bits of 
microprocessor address space together with 3-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3. 3. 1.4 r» fnM 

The write address generator is capable of producing five 
different events. Two are in response fcQ 

and r " aPPSaring in the data -tr..» (hmbs and ^s,, 
and three are in response to DEFINE SAMPLING tokens (one 
event for each component. 
C.3.3.2 Basic structure 

The structure of the write address generator is shown in 

: t ;: ;: ati : It co mprise s . datapath, some 

controlling logic, and snoopers and synchronization 

C - 3 ' 3 - 2 - 1 The Datap ath fhu.Hp.^, 

The datapath is G f the type described in Chapter C. 5 of 
this document, comprising an 18-bit adder/subtractor and 
register file (see C.3.3.4), and producing a zero flag 
(based on the adder output) for use in the control logic 

C - 3 ' 3 - 2 - 2 The Cont rolling t.o 7 ^ 

The controlling logic of the present invention consists 
of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 
interface signals, and also includes the writable control 
reaist.prc: 



20 cue two-wire- 

ftj registers . 

- c ' 3 - 3 - 2 «3 Snoopers and sv B rhr onlzatiQn 



25 



3 5 



Super snoopers exist on both the data and address ports 
Snoopers in the datapaths, controlled as super-snoopers 
from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

C3.3.3 controlling Logic and state Machine 

P - 3 - 3 - 3 -- 1 - Input /OutDUt Bl Qf ,lr (wa ina „ t) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode, and arrival buffer index (for decoding four 
ways) . 

C.3.3.3._7 Two cycle Control pi oefc , WJ> fn) 

The flag fc (first cycle) is maintained here and 
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indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3.3.3.3. Component Count (wa comp) 

Separate addresses are required for data blocks in each 
component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
C.3.3.3.4 Modulo-3 Control (wa mod3) 

When generating address sequences for H.261 data streams, 
it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
maintaining a modulo-3 counter, incremented each time a new 
row of macroblocks is visited. 
C. 3.3.3.5 Control Registers (wa ureas) 

Module wa_uregs contains the setup register and the 
coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits: QCIF (Isb) 
and the maximum component expected in the data stream (bits 
1 and 2) . The access bit also resides in this block 
(synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
and the lower two bits of the address bus. 
C.3.3.3.6 Controlling State Machine (wa state) 

The logic in this block is split into several distinct 
areas. The sate deco.de, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
(drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire- inter face controls, and the 
five event signals. 
C.3.3.3.7 Event Generation 

The five event bits are generated as a result of certain 
tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 



calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware. ' 
C.3.3.4 Register Address Map 

There are- two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 



Register Name 


Address 


Sits 


Reset 
State 


function 

i 
i 


BU.WAOOR_COO.STO 1 0x4 I 2 1 0 i Cn* «.„ *,~ ' 

. I 1 * 1 u | Cod s:d .'rem rata s« ear? ' 


j SU.WAODR.ACCESS 


0x5 | 1 


0 | Access tw \ 


BU.WA00R.CTL1 


0x6 | 3 

I 


0 


majt comoonenr(2: l j arc j 
CCIr(O) j 


3U_WA_A00R_SNP2 


cxso j a 




snooper cn ;ne write j 

i 

address c,enera:or 

j 

address c/p. j 


3UjvVA.A00R.SNP1 


0x81 j 3 


9U.WA_AOOR.SNP0 


0x82 


8 1 




3U.WA_0ATA.SNP1 


0x84 | a 




snooper on da:a output z\ ■ 
WA j 


aU_WA.OATA.SNP0 


0x85 


3 



Table C.3.1 Top-Level Registers 





Keyr.ote Register Name 


i 

! <eynoie 
1 1 
i 

j A £ t P-5-5 


; 3.ts 


i 
| 


1 


3U.WAOCR.3Ur===0.3ASH.MS8 


| 0x35 


: 2 




1 

1 


3U.WACCR_3UFrHR0_3AS=.MlO 


1 Cx36 


■ 3 


1 -ace- 


1 
• 


3U_WAO0R_3UFFHR0.3ASc.LS3 


1 -x37 


3 




i 

1 


3L'_WACCR_3UFF£R1_3AS = _MS3 


| 0x39 


• 2 


j 4 ^js: :e 


i 


3U_WA00R_3UFFHRl _3ASc_MlO 


j 0x3a 


3 


■ Loacec 


1 3U_WACCS_3L;rF==n_3AS=_!.Sa 


QxSD 


i 9 


i 


I 


3U_WA00R_5UFF.R2_3ASH.MS3 


1 AS. 

| Oxfld 


2 


j Must ze 


3U_WACCR_5UFFHR2_9ASH_MI0 


Ox8e 


3 


! Leased 


3U_WACCR_3UFFHR2_3ASH_LSB 


Oxdf 


8 1 


3U_WAOOR.CCMP0_HMBAOOR.MS8 


0x91 


2 


j 7,s;cr..y 


6U.WAOCR_COMPO_HM8ACOR.MIO 


0x92 


8 ! 


3U.WACCR_CCMP0_HMSAOOR.LS3 


Cx93 


3 


3U.WAC0R_CCMP1.HM3A00R_MSB 


0x95 


2 


: Tes; 


I 


3 U _WA CO R _C CM P 1 .HMSAOOR.MIO 


0x96 


3 


i 
I 


| 3U_WADDR_CCMPI_HMSA00R_LSB 


0x97 


* 1 ! 


! 


3U.WAC0R_COMP2.HMBAOOR.MS8 


0x99 


2 






3U.WAOOR.CCMP2_HMBAOOR.MIO 


Cx9a 


8 


Tes; cniy | 


3U_WAOOR_COMP2.HMBAOOR.LSB 


0x9b 


8 


1 


8U_WAOOR_COMP0.VMBAOOR.MSB 


0x9d 


2 


Tes; cny 1 


BU.WAOOR.COMPO.VMBAOOR.MIO 


0x9« 


a 


i 

i 


3U.WAC0R.COMP0.VM8AOOR.LSB 


0x9f 


a 


i 
j 


3U.WA00R.C0MP 1 .VM8ADDR.MSB 


Oxal 


2 ! 


Tes; cny • 


BU.WAOOR.COMP 1 .VM8A00R.MI0 


0xa2 


3 1 


i 


3U.WA00R.COMP 1 .VMBAOOR.CSB 


0xa3 | 


a 1 




3U.WA0DR_COMP2_VM8A00R_MSB 


OxaS j 


2 i 


Tes: :r.y 


3U.WADDR_CCMP2_VMBAOOR.MIO 


0xa6 | 


3 i 


1 


| 3U.WACOR.CCMP2.VMBAODR.LS8 


0xa7 | 


* i 


i 


3U.WAOOR_VBAO0R.MS8 | 


0xa9 | 


2 i 


Tes; tr.iy 


3U_WADCR_VBA00R_MI0 


Oxaa | 


3 i 




3U_WA00R_VBA00R_LS8 


Oxab | 


8 i 





Table C.3.2 Image Formatter Address Generator Keyhole 
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0x01 




1 ^<-s; ze 



Loacec 




3U.WADDR,COMP2,QFr5£T.MSB 



3U.WAD0R,COMP2.OFFSc7.MID 



9U,WADOfl.COMP2. QFF5cT.LSB 
3U,WAC0fl.S CRATCH.MS8 
BU.WADOa_sCHATCH.MlQ 



I 2 | Test cn/y 



9U.WA0DR_sCRATCH,LSa 




e C.3.2 Image Formatter Address Generator Keyhole 




Li!i^^fO^^MBjN.ROW_MSa 

=;t t -^A.^rt-. " ■ ■ 



3U.VVADCa_COMP 2 .^S7_MBjN.fl^7 ^ 
3U.WA00 a _C0 ^^ ST MS , N Hnw , ea - 



_3U.WA00,q.C0MPQ. LAS ^ M 8 _ IN HAlT^TT^T 



j Oxde j 3 
i Qxat I 3 



Must re 



_9O-WAC0a.COMP0.^ ST . M ajN HALP »,,n" 



Czel 



0xe2 



Mus; ;e 



BU.WAQ0n^COMPt.LAST,M8 jN.HALf.fl0^ii 
3U.WA00a.COMPl,LAST,M6jN.HALF.RQw.M*0 



0xe3 




Table c.3.2 image formatter Address Generator Keyhol 



Keynote ^e^ister Name ■ - 3.3 

Address 



BU_WA00R_COMP0_LAST_M8_flOVV_MS8 


0x105 


2 


Must 06 I 
I 


BUJ*AOOR_COMPO_LAST_MB_ROW_MIO 


0x106 


8 


Loaded 


BU_WAODR_COMP0_LAST_MB_ROW_LSB 


0x107 


8 


3U,WAOOR_COMP1_UVST_M8_ROW_MSB 


0x109 


2 


Must be 
Loaded 


3U_WA00R_COMP 1 _LAST_MB_ROW_MlD 


" OxiOa 


8 


9U_WACCR_COMP1_LAST_MB_ROW_LS8 


Ox 10b 


8 


i 


3U_WAOOR_COMP2_LAST_M8.ROW.MSB 


OxlOd 


2 


Musi se I 
Leaded 


BU_WAD0R_CCMP2_LAST,MB_ROW_M!0 


OxlOe 


8 


9U_WA00R_COMP2.LAST_M8_ROW.LSB 


0x1 Of 


8 


BU_WAOOR_COMP0_HBS_MS8 


0x111 


2 


Must re 


BU.WAOCR.COMPO.HBS.MIO 


. 0x112 


8 


Loaded 


3U.WA0DR_CCMP0_HBS_LSB 


0x113 


8 


aU.WAODR.COMP 1 _HBS_MS8 


0x115 


2 


Must oe 


9U_WADOR_COMP1_HBS_MIO 


0x116 


8 


Loaded 


3U_WAOOR_COMP1_H8S_LSB 


0x117 


8 


3U_WAO0R_COMP2_HSS_MS8 


0x119 


2 


Must :e 
Loaded 


BU_WAOOR_COMP2_H8S_MIO 


Oxila 


8 


BU_WAD0R_COMP2_HBS.LS8 


0x11b 


8 


8U_WAD0R_COMP0_MAXH3 


Oxllf 


2 


Must te ! 

j 

Loaded | 

1 


BU_WA00R_COMP1_MAXHB 


0x123 


2 


3U_WA00R_COMP2_MAXHB 


0x127 


2 


3U_WAOOR_COMP0_MAJ(VB 


Ox 12b 


2 


Must Ce 
Loaded 


3U_WAOOR_COMP1_MAXV8 


Ox12f 


2 


3U_WAO0R_COMP2.MAXVB 


0x133 


2 



Table c.3.2 Image Formatter Address Generator Keyhole 



The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
running totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 



C.3.4 Programming the Writ* Address G«ntrttor 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162, 

1) WADDR_HALFJ*IDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
macroblocks, of the incoming picture. 

4) WADDR_LAST_WB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block numbering starts at 
zero in the top left corner of the left-most 
macroblock, increases across the frame 

with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

5 ) WADDR_LAST_MB_IN_HALF_ROW : this is similar 
to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks . 

6 ) WADDR_LAST_ROW_IN_MB : this defines the block 
number of the left most block in the last 
row of blocks within a row of macroblocks. 

7 ) WADDR_BLOCKS_PER_MB_ROW : this defines the 
total number of blocks contained in a 
single, full-width row of macroblocks. 

8 ) WADDR_LAST_MB_ROW : this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

9) WADDR_HBS: this defines the width in blocks 
of the incoming picture. 

10) WADDR_MAXHB: this defines the block number 



of the right-most block in a row of blocks in 
a single macroblock. 
11) WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
In addition, the registers defining the organization of 
the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-; and can be 1 minimum 
and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 

The screen configuration illustrated in Figure 162 yields 
the following register values: 

1) WADDR_HALF_WIDTHJN_BLOCKS = 0x16 

2) WADDR_MBSJ/VIDE = 0x16 

3) WA0DR_MBS_HIGH = 0x12 

4) WADDR_LAST_M9 JN_ROW = 0x2 A 

5) WADDR_U\ST_MB_IN_HALF_ROW = 0x14 

6) WAD0R_LAST_ROW_IN_MB = 0x2 C 

7) WADDR_BLOCKS_PER_MB_ROW = 0x58 

8) WADDR_U\ST_MB_ROW = 0x508 

9) WADDR_HBS = 0x2C 

10) WADDR__MAXV8 = 1 

11) WADDR_MAXH3 = 1 
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C.3.5 Operation of The Stat* Machine 

Thare are 19 states in the buffer manager's state 
machine, as detailed in Table C.3.3. These interact as 
shown in Figure 164, and also as described in the 
behavioral description, bmlogic.M. 



State 


Value 


IOLE 


0x00 | 


Data 


0x10 j 


COOING .STANOAflO 


OxOC j 


HORZ.MBSO 


0x07 


H0RZ.MBS1 


0x06 


VERT.MBSO 


OxOB 


VERT_MBSI 


OxOA 


OUTPUT_TAIL 


0x06 


HB 


Oxtl 


MBO 


0x10 


MSI 


0x12 


MB2 


OxlE | 


MB3 


0x13 


M&4 


OxOE 


M35 


0x14 


M85 


0x15 


M&4A | 


0x18 | 



Table C.3.3 Write Address 



Generator States 
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Statt 


Valu« 




0x09 


M&4C 


0x17 


MB40 


0x16 


ADDRl 


0x19 


A00R2 


0x1 A 


- ADDR3 


0x1 B 


A0DR4 


OxiC 


ADDR5 


.0x03 


HSAMP 


0x05 


VSAMP 


0x04 


PIC.ST1 


OxOf 


PIC.ST2 


0x01 


PtC_ST3 


0x02 



Tabla C.3.3 Writa Address Gtntntor stataa 
C.3.5.1 Calculation of tha Addraaa 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDRl and then through to state 
ADDR5 , from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDRl through to ADDR5 are: 

BU_WADDR_SCRATCH=BU_BUFFERn_BASE 

+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH=BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
+BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR — SCRATCH 
+ B U_W AD DR_ VB AD DR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 

1) BU_WADDR_VMBADDR: the block address (the top left 
block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 

3) BU_WADDR_VBADDR: the block address, within the 
macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated. 

5) BU_WADDR_SCRATCH: the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH— BUFFERn_BASE+COMPm_OFFSET ; (assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x28 ; 

SCRATCH=0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

C. 3.5.2 Calculation of Mew Screen Location Parameters 

When the address has been output, the state machine 
continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB 6 do the calculations, 
transferring control at some point to state DATA from which 
the reminder of the DATA* Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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zero flag is set,, control continues down the "MB" sequence 
of states. If not , all CQUnts ^ ^ J 

(ready for the next address calculation) and control 
transfers to state DATA. 

Note that all states which involve the use of an addition 
or subtraction take two cycles to co.piete (aUowing the 
use of a standard, ripple-carry adder), this being effected 
by the use of a flag, to (first cycle) which alternates 
between 1 and o for adder-based states. 

10 All of the address rainiiaci 

ss calculation and screen location 
calculation states alinu ,-!=.♦-, . 

allOW data to ^ output assuming 
favorable two-wire interface conditions. 
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p - - 3 - 5 - 2 - 1 Calculations for S f»nH,.H 

zer^^T °' ° Pe " ti0nS is " Un w hich the 

zero flag ls based on the output of the adder) ■ 
--> states HB and MBO: 

scratch = hb - maxhb; 
if (z) 

hb = 0; 
else 
10 ( 

hb = hb + i 
new_state = DATA; 

) 

states MB1 and MB 2 : 



U 15 scratch = vb_addr - last_row_in_mb; 

if (z) 

^ vb_addr =0; 

£3 else 

?, ( 

£ 2 0 vb_addr = vb_addr + width_in_blocks ; 

H new_state = DATA • 

iU } 

: s 

O states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in row; 
25 if (2) 

hmb_addr = o ; 
else 

( 

hmb_addr = hmb_addr + maxhb; 
new_state = DATA; 

) 

states MB 5 and MB 6 : 
scratch = vmb_addr - last_mb_row; 
if (!z) 

vmb_addr = vmb_addr + blocks_per_mb_row; 
(vmb^ddr is reset after a PICTURE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) 

C * 3 ' 5 - 2 * 2 Calculations for H.?61 Seau.nrac 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
states HB and MBO;-as above 
states MB1 and MB2:-as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (2 & (mod3==2)) /*end of slice on right of screen*/ 
( 

hmb_addr - 0; 
new_state - MBS; 

r* } 

3 eise if < 2 > of row on right of screen*/ 

U j 15 ( 

hmb_addr = half _width_in_blocks ; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hmb_addr - last_mb_in_half _row ; 
new-state = MB4B; 

} 
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state MB4A: 

vmb.addr = vrnb.addr - blocks jer_.TJb.row ; 
"ew.s:ace = DATA; 

state (MB4) and MB48: 

•scratch * hrab.addr - lasc_mb_in_hal f_row ; j 

if (z & (mod3 = = 2)) /-end of slice on left of scree--/ 

hro_addr - hmb,addr * rr^xhb; 
r.ew_s:ate = MB4C; 

} 

else if (z) /'end of row on left o£ screen-/ 

( 

h.^ib_addr = 0 ; 
r.ew_state = MB4A ; 

else 

r 

h.*?o_addr = hmfa_addr * majchb; 
r.ew_stace = DATA; 

) 



states M84C and MB4D: 

vmb.addr » vmb.addr - blocks_per_mb_row ; 
vmb_addr » vrnb_addr - blocks_per_mb_row ; 
new_state * DATA; 



states MBSand MB6> as above 
C.3.5.3 Operation on PICTURE.START Token 

When a PICTURE.START token is received, control passes to state PIC_ST1 wn e r 
vb.addr register (BU_WAODR_VBAODR) is reset to 0. Each of states PIC.S72 and PiC.ST 
then visited, once for each component, resetting hmb.addr and vmb.addr respectively. C: 
then returns, via state OUTPUT.TAIL, to IDLE. 



C.3.5.3 Operation on PICTURE_START Token 

When a PICTURE_START token is received, control passes 
to state PIC_ST1 where the vb_addr register 
( BU_W ADDR_ VBADDR ) is reset to 0. Each of states PIC_ST2 
and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and wnb_addr, respectively. Control 
then returns., via state OUTPUT_TAIL, to IDLE. 
C.3.5.4 Operation on DEFINE_SAMPLING Token 

When a DEFINE_SAMPLING token is received, the component 
register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAMP, 
the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 
token to be written) . 

C.3.5.5 Operation on HORIZONTAL_MBS and VERTICAL_MBS 

When each of HORI ZONTAL_MBS and VERTICAL_MBS arrive, the 
14-bit value contained in the token is written, in two 
cycles, to the appropriate register. The relevant event 
bit is triggered, delayed by one cycle. 
c.3.5.6 other Tokens 

The CODING_STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD. register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 
is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT_TAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 
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SECTION C.4 Read Address Generator 

C. 4 . l Overview 

The read address generator of the present invention 
consists of four state machine/datapath blocks. The first 
" dllne "' generates line addresses and distributes them to 
the other three (one for each component) identical 
page/block address generators, "dramatis" . All blocks ar- 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 
field upper/lower, and frame start on upper/ lower/both 
The Table c.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C 13 
gives a programming example for both address generators. 
C.4.2 Line Address Generator (dline) 

This block calculates the line start addresses for each 
component. Table C.3.4 shows the 18 bit datapath registers 
m dline. 

Note the distinction between DISP_register_name and 
ADDR_register_name DISP _ na me registers are in dispaddr 
only and means that the register is specific to the display 
area to be read out of the DRAM . ADDR_name means that the 
regxster describes something about the structure of the 
external buffers. 
Operation 

The basic operation of dline, ignoring all modes repeats 
etc. is: 

if (vsync_start)/* first active cycle of vsync*/ 
comp = o 

DISP_VB_CNT_COMP [ comp ] =0 ; 

LINE [ comp ] =BUFFER_BASE [ comp ] +0 ; 

LIHEf comp j=LINE[ comp] ^DISP_COMP_OFFSET[comp] ; 
while ( V8_CNT_COMP C comp ) < DI SP_VBS_COMP [ comp ] 

while (line_count;cor.pj<3) 
( 
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( 

while (comp<3) 
( 

—OUTPUT LINE f comp] to dramct 1 [ comp j 

1 ine [ comp ] = L INE ( comp ] + ADDR_HBS_COMP C comp ] 

comp = comp + i ; 

) 

1 ine_count [ comp ] =line_count [ comp ] +i ; 
) 

VB_CNT_COMP ( comp ] = VB_CNT_COMP [ comp ] + 1 ; 

line_count[comp]==0; 

) 

) 



5 
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=fi^;s;er Names 

1 


3us 


Keynote 
Address 


I 
i 

i _ 

j 


i 

j 

; Ccrr.-r.er's 

j 


| 5Uf.= = = _3AS=0 


A 


0x00.0 1.C2.03 


! 3iccx address 


| These regisiers 


3Uf :r r :: ._3ASEl 


A 


0x04. 05.06.07 


of the s:an of 


i 

must be loaded 


3Ur?£=_3ASE2 


A 


0x08.09.0a.0b 


each buffer. 


by ;ne up befcre 

i 


OIS?_COMP.C?r3=T0 


3 


0x24.25.25.27 


Offsets from the 


operation can 


OlS?_CCMP.OF=5cTl 


8 


0x23.29.2a.2t) 


buffer base to 


begin. 


ClS?_COMP_Or?5ET2 


3 


Cx2c.2d.2e.2f 


wnere reading 
begins. 




C:S?_V3S.COMPO 


8 


0x30.31.32.33 


Numoer of 




0iS?_V3S_CCMPl 


8 


0xO4.35.36.37 


vertical blocks 




• 0I5?_V=S_CCMP2 

i 


8 


0x33.39.3a.30 


to be read 


* 

\ 


I ACOR H3S CQViPO 


g 


uuc.ju.Je.ji 


Number of 




ACC3_H3S_C0MPt 


8 


0x40.41,42,43 


horizontal 


i 


AC3R_'-3S_COMP2 


B 


0x44,45.46.4 


blocks IN THE 
OATA 


i 
i 


UNEO 


A 


0xOc.0d.0e.0f 


Current line 


These registers 


UNEt 


A 


0C10.11, 12.13 


address 


are temporary 


UNE2 


A 


0x14,15.16,17 




locations used 


OISP_V3_CNT.COMPO 


A 


0x18.19. la.lb 


Numoer of 


by cisoaddr. ! 

i 


! DlS? V8 CNT COMP1 
i - - - 


A 


Oxic.id.ie.H 


vertical blocks 


j ClSP_VS_CN7_COMP2 

i 
i 


A 


0x20.21.22.23 


remaining to be 
read. 


Note: All | 
reg:s:ers are P/ j 
w fram the uci j 



Table c.3.4 Dispaddr Datapath Registers 
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C.4.3 Dline Control Registers 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C.4.3 below. 



Register Name 


Address 


Sits 


Reset 
State 


Function 

i 

I 


| UN£5 JN_LAST_ROW0 


0x08 


[2:0) 


0x07-. 


These three registers 


l:n=5jn_last,rowi 


0x09 


[2:01 


0x07 


determine ine rumoer of 


LINc5jN.LAST.nOW2 


0x0a 


[2:01 


0x07 


lines (out of 8) of ;he last 
row of blocks to read out 


| OiS?ACDR_ACCESS 


OxOo 


[0] 


OxOO 


Access ott for aisoaddr 


CIS?AOOR_CTLO 


0x0c 


(1:0] 


0x0 


SYNC.MO06 


See celow for a detailed 




(2! 


0x0 


REAO. START 


description of these 




[3] 


0x1 


INTERLACED.* PROG j 




I*] 


0x0 


LSBJNVEBT 


', conirol bits 




P-S) 


0x0 


LINE.RPT | 


! Ol$?AOOR_CTU 


OxOd 


(0) 


0x1 


COMP0HOL0 



- O^sracdr Control Registers 



TABLE C.4.3 CONTROL REGISTERS 
C . 4 . 3 . 1 LINES_IN_LAST_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 
the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 . 3 . 2 DISPADDR_ACCE8S 

This is the access bit for the whole of dispaddr. On 
writing a "l w to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers* 
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Note that the upi is actively locked out from the datapath 
registers until the access bit is "1". m order for access 
to dxspaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
the display window and is programmed in the output 
controller (not dispaddr) . Note: It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. if the software is too slow and doesn't 
release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish,. 
C . 4 . 3 . 3 DISPADDR_CTLO [7:0] 

When reading the following descriptions, it is important 
to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field), and frames (each buffer contains an entire frame - 
interlaced or not) 

DISPADDR_CTL0[7:0]contains the following control bits: 
SYNC_MODE[ 1 : 0) 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and. 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 
0:New Display Buffer On Top Field 
1 : Bottom Field 
5 2 : Both Fields 

3 : Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready 
dispaddr will receive a zero (no display) buffer. When it 
10 finally gets a good buffer index, dispaddr has no idea 
where it is on the display. it may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync. 

READ_START 

For interlaced displays at startup, this bit determines 
on which vsync display will actually start. Furthermore 
jy having received a display buffer index, dispaddr may "sit 

u out" the current vsync in order to line up fields on the 

^ display with the fields in the buffer, 

p 20 INTERLACED/ PROGRESSIVE 

H= 0 : Progressive 

n I 

^ 1 : Interlaced 

° 10 P r °9 res sive mode, all li nes are read out of the 

. ' display area of the buffer. m interlaced mode, only 
23 alt6rnate lineS are read - Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

30 first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 
3= correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 



626 



LINE_RPT[ 2 ; 0 ] 



10 



unsanplinq It i<= ^ ■ vertical 
COMP0HOLD 

7'° b : read (as oppo - d « a isplayed) for componenc 0 

CO thOSe Of COmnnnon*.- 



to those of components l an d 2) . 

0: Same number of lines, i.e., 4:4:4 data ifl 

the buffers. 

l: Twice as many component 0 lines, i.e., 4 :2:0 



f ^9-/Block Address Generators (dramctis)' 

| When passed a Une address, these blocks generate a 

s nr s ; h ?;r- lin * addresses and ^ *» 

5 and th Pa9e Uidth ° f 8 bl ° Ck5 ts «sum=d 

° bit e" ° UtPU " =0nSi5t °< » -" . 3 

M> ,0 s p^reTs (T ; e "'»• *"« ' ' ^ «oc,c 

P aress. (The l lne number is calculated by dline and 

J I"'";' 5 f °™ «»'• 0"« carting fro m the third 

Une) th e add' ""^^ ^ ^ " « bi »"* 

Une, , the addresses passed to the DRAM interface would be 

Pa< 3 e = Oxaa 

Line = 5 

Block start = 2 
Block stop s 7 

Each of these three machines has 5 datapath registers 
These are shown in Table c 3 4 Tha w • ^ 
dramctl is: ^ baS1C behavior of each 



o 

2 5 
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Block start = 2 
Block stop = 7 

Each of these three machines has 5 datapath registers. These are shown in Table C.3.4 

The basic behaviour of each dramctl is> 
white (true) 

( 

CNT_LEFT = 0; 

GET.AJMEWJJNE.ADDRESS from dline; 

BLOCK.ADDR = input.block.addr + 0; 

PAGE.ADDR = input_page__addr + 0: 

CNT.LEFT = DISP.HBS + 0; 

while (CNT.LEFT > BLOCKS.LEFT) 

( 

BLOCKS.LEFT = 8 - BLOCK_AODR; 

— > output PAGE.ADDR, start=BLOCK_ADDR, stop=7. 

PAGE.ADDR = PAGE.ADDR + 1; 

BLOCK.ADDR = 0; 

CNT_LEFT = CNT.LEFT - BLOCKS.LEFT; 

) 

r Last Page of line 7 

CNT.LEFT = CNT.LEFT + BLOCK.ADDR; 
CNT.LEFT = CNT.LEFT - 1 ; 

— > output PAGE_ADDR,start=BLOCK.ADDR,stop=CNT_LEFT 

} 
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Table c.3.5 Drametl (o, i s 2) Datapath Registers 



TableC^.5 Oramctl(0,1 & 2) Datapath Registers 



U 5 



^egisier Names 




Keyhole 






Bus 




Description 






Comments 






Address 






Lh 


CNT_L=rT0 


A 


0x54.55.S6.S7 


Number of 


fy 


CNT.L£.=Tl 


A 


0x58.59.5a.5b 


blocks remaining 


D 

S 


CNT_LE.=T2 


A 


0x5c,5d.5e.5( 


to be read 


La 


PAGc.AODRO 


A 


0x60.61.62.63 


The address of 




PAG=_AD0RJ 


A 


0x64,65.66.67 


trie current 


= S 

iy 


?AGc_AOOR2 


A 


0x63.69.6a.6b 


page. 


O 


3LCCK.AO0R0 | 


3 


0x6c,6d,6e,6( 


Current block 




31CCK_A00R1 


8 


0x70,71.72.73 


address 




3LCCK_AOOR2 


3 


0x74.75.76,77 






3LOCKS.LEFT0 


3 


0x78.79,7a.7b 


Blocks left in 




3LOCKS.LEFTI 


a 


0x7c.7d,7e.7f 


current page 




3LOCKS.L£FT2 


3 


0x80.81.82,83 



These cegiscers 
are lemporary 
locations used 
by C'.szaatc 

Note: Ail 
registers are PJ 
W from ;he upi 



Programming 

The following 15 dispaddr registers must be programmed before operation can begin. 

BUFFER_BASE0,1,2 

DISP_COMP_OFFSET0. 1 .2 

DISP_VBS_COMP0.1,2 

ADDR_HBS_COMP0.1.2 

DISP,COMP0.1.2.HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(field_info=HIGH) . Figure 159, "Buffer 0 Containing a SIF 
5 (22 by 18 macroblocks) picture, " shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn ana the equivalent write 
10 address generator register are equal, i.e., the area to be 
read is the entire buffer. 
_ Windowing with the Read Address Generator 

s — I 

yg It is possible to program dispaddr such that it will read 

CJj only a portion (window) of the buffer. The size of the 

2 15 window is programmed for each component by the registers 

H DISP_HBS, DISP_VBS, COMPONENT OFFSET, .and 

g LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 

a display window," shows how this is achieved (for component 

^ O only) . 

y, 2 0 In this example, the register setting would be: 

fU BUF F ER_B AS EO - OxOO 

DISP_COMP_OFFSETO = Ox2D 
DISP_VBS_COHPO = OX22 
ADDR_HBS_COMPO = Ox2C 

2 5 DISP_HBS_COMO = Ox2A 
Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 
30 **This example is not practical with anything other than 

4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries . 

•The color space converter will hang up if the data it 

3 5 receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.S Datapaths for Address Generation 

The datapaths used in dispaddr and waddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath, Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 
All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, H Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 
M phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 
allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 
are disabled and one of a set of three byte addressed 
write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 
• Reading: This is achieved using the A and B buses. 
Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 

As double cycle datapath operations require the A and B 
buses to retain their values, and upi accesses disrupt 
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All d*f data P a th operation. 

..r r r jrr^ in r h address «• 

address Ox 28 J.t, ' keyh ° le " th * top lev el 

r the data. The keyhole addresses are 



Notes : 



DAll address registers in the address 

generators (dispaddr and waddrgen, contain 
blocked addresses. Pixe i addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST ROW 
registers. ~ 

2) Some registers are duplicated between the 
address generators, e.g., BUFFER.BASEO occurs 
m the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. Tnis allows di 
windowing (only reading a portion of the 
display store) , and eases the display of 
formats other than 3 component video. 
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SECTION C.6 The DRAM Interface 
C.6.1 Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. ' r n all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
^ filling or emptying one RAM while another part of the chip 

O empties or fills the other RAM. A separate bus which 

CarrieS an addre " from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case 
in the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance ( Y ) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
Video Formatter. 

C.6.2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 
DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 
single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 
interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 
reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 
that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above), and the stop 
value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION C.7 Vertical Upsampling 

C . 7 . i Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
C.7. 2 Ports 

Input two wire interface: 

• in_valid 

• in_accept 

• in_data [ 7 : o J 

•in_lastpel 

•in_lastline 

Output two wire interface: 

•out_val id 

•out^accept 

•out_data [9:0] 

•out_last 

mode(2:0] 

nupdata[7:0], upaddr, upsel[3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 

phO, phi, notrsto 
C.7. 3 Mode 

As selected by the input bus mode[2:0). 

Mode register values l and 7 are not used. 

In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. Mo rounding or 
truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C7. 3.1 Mode OrFifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C.7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again , tne pixel ^ 
shifted left by two. 

A-> ABACBDBCCDD 
C.7.3.3 Mode 4: Lower 

Each input line produces two output lines. m this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
the pair is the average of the current input line and the 
previous input line. in the case of the first input line 
where there is no previous line to use, the input line is 
repeated . 

This should be selected where chroma samples are co-sited 
with the lower luma samples. 

A-> ABAC(A-B) /2DB(B+C) /2C(C+D) / 2D 
C.7.3.4 Mode S: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
the average of adjacent input lines. The last output line 
is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
g with the upper luma samples. 

A-> AB (A+B) /2CBD (B+C) /2C (C+D) /2DD 
2 5 c.7.3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. In order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 

30 A_> AB.(3A + B)/4C(A + 3B)/4D(3Bt C )/4(B + 3C)/4 

( /4 (C+3D) /4D 

c.7.4 How it Works 

There are two linestores, imaginatively designated 
and »b". m "FIFO" and "repeat" modes, only linestore 
3a is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 

indicate the end of the input line and the end of the 
picture. In_lastpel, it should be high coincident with th- 
last pixel of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 

In "repeat" mode, each line is written into store "a". 
The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b». The first 
line of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
is in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs , and the signals that determine when 
the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.5 UPI 

This block contains two 512 x 8 bit RAM arrays, which may 
be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 

C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers, one for each color 
component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. m all, there are four modes of 
operation : 

Table c.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


0 


Straight-tnrough (no processing). The reset state. j 


1 


No up-sampling, filter using a 3-tap FIR filter. | 


2 


x2 up-sampling and filtering 


3 


x4 up-sampling and filtering 
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C.8. 2 Using a Horizontal Up-sampler 

The address map for each Horizontal Up-sampler consists 
of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.1. Depending on the mode, some or 
all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x„, is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 
as follows: 
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le C.7.2 Coefficients for Mode 1 



Cceff 


All clOCK >er:oCS 


kO | COO 


K1 j C10 


*C2 


c20 



Table C.7.3 Coefficients for Mode 2 



Coeff 


i sf c.'ock period 


2nd cIock oenod 


kO 


=00 j c ot | 


*1 I ciO 


CM 1 

1 


k2 


c20 


c21 j 



B 

i—g. 

Q Table C.7.4 Coefficients for Mode 3 

I ^ 



Coeff 


1st clock penod 


2nd cfock penod 


3rd clock penod 


4 *n cicck cenod ! 




cOO 


C01 


c02 


c03 j 


i *■ 


c 10 


cit 


ct2 


ci3 i 


i« i 


c20 


c21 


=22 | 


i 

c23 
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Coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

in order to achieve symmetrical filtering, the first and 
last pxxels of each line are repeated prior to filtering 

For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because, residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A indicates 
that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table C.7.5 Sample Coefficients 



1 

: Coetfctent 

\ 

j 


x2 up-sample, cvp pels 
coincident with i/p 


x2 up-sampie. o/p pels in 
between i/p 


x4 up-samcfe. c/z ;e s r. • 

\ 

eetween vp j 


j COO 


0000 


01BD 


00E9 j 


| c01 


0000 


010B 


oobs ; 


j c02 






012A ! 


| c03 






0102 ; 


j clO 


0800 


0538 


0651 


C11 


0400 


0538 


0661 


j C12 






04^6 


I ci3 






029F 


; c20 


0000 


010B 


0055 


i c21 


0400 


01 BO 


00ES 


• C22 ! 


| 0290 


c23 j 




045? 



Description of a Horisontal Up-Saapler 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsample case. 
In addition, x2 upsampling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode O) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated, 

1) When valid data is latched in the input 

latch ("L") , it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
"PIPE") are clocked. Thus, for input data x,, 
the first PIPE will fill up with the values cOO.x,, 
cOl.Xa, C02.X,,, C03.X,,. 

3) Similarly, the second multiplier will multiply x,, 

by of its coefficients, in turn, and the third 
multiplier by all its coefficients, in turn. 
It can be seen that the output will be of the form shown 
in Table C.7.6 

Table C.7.6 output Sequence for Mode 3 



Clockl Penod 


Output 




c20.x- 




* cOO.ju.j 




C21.X, 




* COI.Xn.2 


2 






* c02.*. 2 


3 


c23.x. 




* c03.x^. 2 



From the point of view of the output, each clock period 
produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values) , this can 



10 



20 



640 



be thought of as implementing a 12 tap on ^ 

sampled input pixels. 

For x2 upsampling, the operation is essentially the same 
except the input data is only held for two clock periods' 
Furthermore, only two coefficients are used and the «pi Pe .'. 
blocks are shortened by means of the multiplexers 
xllustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 

we now discuss a few notes about some peculiarities of 
the implementation in the present invention. 

DThe datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 
13 Converter. These widths are more than adequate for the 

purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 
schematics (primarily because of difficulty in CCODE 
generation), but the actual circuit is smaller. 

3) As in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

25 Control for the entire Horizontal Up-sampler can be 

regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 
30 register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid. 
out_accept (for the two-wire interface) and the signal 
35 "in_last". This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line to te 
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replicated twice-over and the 
between lines (the pipeline 
redundant data immediately 
completed) . 



clearing down of the pipeline 
contains partially-processed 
after a line has been 
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SECTION C.9 The Color-Space Converter 

C.9.1 Overview 

The Color-space Converter in the present invention (CSC) 
perform a 3x3 matrix multiplication on the incoming 9 - bi t 
data, followed by an addition: 



>'0 




c01 c02 c03 








c04 


yi 




c11 c12 c13 


X 


xl 


+ 


c14 


v2 




c12 c22 c23 




x2 

J 


1 


.c24 



Where xO-2 are the input data, y 0 -2 are the output data 
and cnm are the coefficients. The slightly unconventional 
namxng of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 

The CSC is capable of performing conversions between a 
number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 



E R , E c , E g -> Y, C„ C 



R' ^3 



R,C,B-+ Y, C„ C 



R' ^B 



C R> C B ~* E R' £ G> £ B 



Y, C R , C B —> R,G, B 



■ Where R, g and B are in the range (0..511) and all other 
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quantities are in the range of (32..470). Since the input 
to the Top-Level Registers CSC is Y , C R , C|i , only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
chosen so that, for 9 bit data/ all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table c.8.1 Coefficients for Various Conversions 



1 

I 


E=r>Y 


R.> 


i 




Y->3 


; Coeff 


| Cec 


Hex 




Hex 


Dec 


Hex 


Oec 


i -ei 


; 


! 0.299 


0132 


0.255 j 


i.O 


0400 




! :02 


' 0.537 


0259 


0.502 




1.402 


059C 


i l.»3 




i C03 


0.114 


0075 


0.098 




0.0 


0000 


0.0 


j - * » ^ 




0.0 


0000 


16 




-179.456 


F4C8 




3 I =153 


: c!i 1 0.5 


0200 


0.423 




1.0 


0400 




: :i2 


•0.419 


Fc53 


-0.358 




-0.714 


F025 


-0.335 




c:3 


•0.081 


FFAO 


-0.070 




-0.344 


FEAO 


-0.±Z2 




c(4 [ 123.0 


0800 


128 




135.5 


0878 


139.7 


I i 


c21 


•0.169 


FF53 


-0.144 




1.0 


0400 


i.;59 


! o« s '■ 


c22 


-0.331 


FEAO 


-0.233 




0.0 


0000 


0.0 


j :c:o ' 


c23 


0.5 


0200 


0.427 




1.772 


0717 


2.071 


i c^s ; 


t c24 | 


12S 


0800 


123 | 


•226.816 


F102 


-233 34 


j S=<2 



All these numbers are calculated from the fundamental 
15 equation: 

Y = O. 299E R +0. 587E r; +O.O114E 0 
and the following color-difference equations: 

C R =E R -Y 
' * C 0 =E B -Y 
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The equations in R g anH h ^ 
_ „ ' 3nd B are derived from these aft-r 

the full-scale ranges of these quantities are considered 
C.9.2 Using th e Color-Space Converter 

On reset, coi, cl 2 , and c23 are set to x and all other 
coefficients are set to 0. Thus, y0=*0, yl - xi and y 2 =x2 
and all data is passed through unaltered. To select a 
color-space .conversion, simp i y write tne appropriate 
coefficients (from Table c.s.i, for example) intQ 
locations specified in the address map 

Referring to the schematics, x0 ..2 correspond to 
in_data0..2 and yo . . 2 correspond to out_dataO . . 2 . Users 
should remember that input data to the~CSC must be up- 
sampled to 4:4:4. If this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
^lll lock. ^ 

It should be noted that each output can be forced from 
any allowed combination of coefficients and inputs plus (or 
." «>•»««• Thus. for any given color-space 
conversion, the order of the outputs can be changed by 

addresses into which the coefficients are written) 

The CSC is guaranteed to work for all the transforms in 

Table C.S.I. !f other transforms are used the user must 

remember the following: 

DThe hardware will not work if any intermediate result 
in the calculation requires greater than io bits of 
precision (excluding the sign bit) . 

2, The output of the CSC is saturated to o and 511. That 
is, any number less than 0 is replaced with 0 and any 
number more than 51.1 is replaced with 511. The 
implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below o. if the CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 
saturate all (or most of) the time. 
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Ct.3 Description of the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three " components " have been shown 
because of space limitations. In the Figure, "register" or 
"R" implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
with reference to the left-most "component" (that which 
produces output out_dataO) : 

1) Data arrives at inputs xO-2 (in_data0-2) . This 
represents a single pixel in the input color-space. 
This is latched. 

2) x0 is multiplied by cOl and latched into the first 
pipeline register. xl and x2 move on one register. 

3) xl is multiplied by c02, added to (xl.cOl) and latched 
into the next pipeline register. x2 moves on one 
register . 

4) x2 is multiplied by c03 and added to the result of 
(3), producing (xl.cOl + X2.C02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04. Since data is kept 
in carry-save format through the multipliers, this adder 
is also used to resolve the data from the multiplier 
chain. The result is latched in the next pipeline 
register . 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 
saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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bein, ro ut : ed across three pa „ 1 ^ ^ datapaths 
one for each output. p ns ' 

To achieve the reset state described in Section c 9 2 
each of the three "components', must be reset in a different 
way. m order to avoid having three sets of schematics and 
three slxghtly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept r + 
lxn_valid_r). The CSC is, therefore, a 5-stag~e deep'two- 
wire interface, capable of holding 10 levels of data when 
stalled . 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION C.10 Output Controller 
C . 10 . l Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 

•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 

registers 

•It adds a border around the video window, if 
required 
C.io.2 Ports 

Input two wire interface: 
• in_valid 
•in_accept 
•in_data [23:0] 
Output two wire interface: 
•out_valid 
*out_accept 
•out_data[23:0] 
•out_active 
•out_window 
•out_comp[ 1:0] 
in__vsync, in_hsync 

nupdata[7:0] , upaddr(4;0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrsto, notrstl 
C. 10'. 3 Out Modes 

The format of the output is selected by writing to the 
opmode register. 
C 10 . 3 . l Mode o 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
directly to the output. 
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C.10.3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data [ 2 3 • 16 ] 
is Y, m_data(15:8] is Cr and in_data[7:0J is Cb. 
C. 10 . 3 . 2 . 1 Mode 1 

In 16-bit YCrCb, Y is presented on out_data [ 15 : 8 ] . Cr 
and Cb are time multiplexed on out_data [ 7 : o ] , Cb first. 
Out_data[23 : 16] is not used. 
C. 10.3.2.2 Mode 2 

In 8-bit YCrCb, Y,Cr and Cb are time multiplexed on 
out_data[7:0] in the order Cb, Y , Cr, Y. Out_data [ 2 3 : 8 ] is 
not used. 

C« 10,3,3 Output Timing 

The following registers are used to place the data in a 
video display window. 

•vdelay - The number of hsync pulses following a vsync 
pulse before the first line of video or border, 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines, 
•width - The width of the video window, in pixels, 
•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
2 5 The minimum vdelay is zero. The first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+i 
cycles . 

30 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
border_r, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blank_r, blank_g and blank_b. Note that the multiplexing 
performed in output modes 1 and 2 will also affect the 
border and blank .components . That is, the values in these 
registers correspond with in_data [ 23 : 16 ] , in_data [ 15 : 8 ] and 
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in_data [7:0). 
C.10.4 Output Flags 

• out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
5 •ou^window indicates that the output data is part of 

the video window. 

•out_comp[l:0] indicates which color component is 
present on out_data [ 7 : o ] in output modes 1 and 2. in 
mode 1, o=Cb, l=Cr. In mode 2, 0=Y, l=Cr, 2»Cb. 
= 10 C.io.5 Two-Wire Mode 

g The two-wire mode of the present invention is selected 

by writing l to the two wire register. It is not selected 
p following reset. In two wire mode, the output timing 

Q registers and sync signals are ignored and the flow of data 

15 through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
c.io.6 snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
20 C.io.7 How it Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
its terminal count. "Hcount" decrements on every pixel and 
loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C.ll The Clock Dividers 

C.li.i Overview 

Top-Level Registers in the present invention contain two 
identical Clock Div iders , one to generate a piCTUR£ ^ ^ 
one to generate an AUDI0_CLK. The clock Dividers are 
identical and are controlled independently. Therefore 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 
addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -o to 
-16,000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16 
This is because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. as the maximum clock frequency available is 
sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 8, else the 
divided clock output will be driven to the positive power 
rail. 

25 c.ii.2 Using a Clock Divider 

The address map for each Clock Divider consists of - 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.io.l. The Clock 
Divider is activated by sensing a synchronized 0 to i 
transition in its access bit. The first time a transition 
is sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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the divisor has also been altered) will merely cause the 
Clock Divider to lock to its new frequency "on-the-fly 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET . 

Table C.io.i Clock Divider Registers 



09 
vO 

III 



10 



15 



20 
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Address 


Register 


000 


«ocess bit 


Oib 


divisor MSB 


10b 


divisor 


11b 


divisor LSS 



Any divisor value in the range 16 to 16,777,216 may be 
used . 

C.ii.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
which are cascaded such that as one counter carries it 
will activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 

After carrying, the counter will reload with divisor/8 
and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by different- clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
the PLL. 

C.ll.4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C.12 Address Maps 



C. 12 . 1 



Top Level Address Map 

Notes : - 

DThe register for the Top Level Address Map as set 
forth m Table c.ll.i are the names used during the 
design. They are not necessarily the names that will 
appear on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 



ry 



ru 




j 3U_CIS?A00fl_ > ACCESS 


Orb 


1 


| R/W- access 


j BU_OfS?ADOR_CTL0 


Oxc 


8 


RAV 


J 3U.OSPA00R.CTU 


Oxd 


1 


RAV 


3U.3M.ACCESS 


0x10 


1 


PVW- access 


BU.BM.CTLO 


0x11 


2 


fl/W 


BU.SM.TARGcTjX 


0x12 


4 


RAV j 


BU.BW.PHES.NUM 


0x13 


8 


RAV-asynchronous 


3U_9M.TXIS.PNUM 


0x14 


8 


RAV 


3U.3M_PIC.NUM0 | 


0x15 | 


8 


RAV j 


=U_=M_?IC_NUM1 


0x16 j 


8 


RAV ; 


3U_3M.PIC.NUM2 


0x17 | 


8 


RAV j 


3U_3M_7=MP_REr | 


0x18 


5 


RO 
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e C.ll.i Top-Level Registers A Top Level Address 




REGISTER NAME 



3U.AOORGSN_KEYHOLE_AOCR_'.S3 



AdOr 



3U^BDflGEN_KEYHOL=,A00fl.MS3 I 0x23 



0x29 



CC.VMEVT 



RAV- Accreis -enerarcr 
*eyncie. See 





I -U.i T_RcAO_CYCLE 


j 0x31 


4 


j RAV 




i sUji _*VRiis_v*. YCLE 


0x32 


4 


j ?AV 




! =U.lT_R = rR£SH_CYCLE 


0x^3 ■ 


! * 


! RAV 




: 3L : _lT_RAS_. = ALL!NG 


j 0x3^ 


! - 


| PA7 




t _ _ - — 

! =UJT_CAS_FALLING 


| 0x35 


4 


j RAV 




3UJT_CCNFIG 


0x36 


1 


RAV 




_ — ■ — 

3U_OC. ACCESS 


0x40 




RAV- access 




3U_OC_MOOE 


j 0x41 


2 


| R/V/ 




3U_OC_2WIRE 


0x42 


1' 


RAV 


1 


3U_OC_3OR0ER_R 


0x49 


1 8 


RAV 




3U_OC_30RDER_G 


0x4a 


l» 


RAV 




3U.0C^3OR0ER.B 


0x4b 


8 


RAV 


ra | 


3U_OC_3LANK_R 


0x4<j 


8 


RAV 

I 


£ ! 
s i 


3UJDC.SUVNKJ3 


0x4« 


3 


RAV ' 




3U_OC_3LANK_3 


0x4f 


8 


RAV 


Q 1 


3U.OC_HOELAY_1 


0x50 


3 


RAV j 


n- i 


3U_OC_HOEUVY_0 


0x51 


8 


' ; 


G | 


3U.OC_WEST_1 


0x52 | 


3 


RAV j 


f* j 

PJ i 


3U_OC_WEST.O 


0x53 


8 


■ — j 

RAV j 


l 


3U_OC.EAST_1 


0x54 


3 


RAV | 




BU.OC.EAST.O 


0x55 


8 


RAV | 




BU.OC.W10TH.1 


0x56 


3 


RAV j 




8U_OC_WIOTH_0 


0x57 


3 


RAV j 




3U.OC.VOEUVY.1 | 


0x53 


3 


RAV ! 

i 




SU.OC.VDELAY.O 


0x59 


8 


RAV i 




3U.OC.NORTH.1 


0x5a 


3 


RAV 


I 


3U.OC.NORTH.0 | 


0x50 | 


a 


RAV 




3U.OC.SOUTH_1 | 


OxSc 


3 


RAV [ 




3U.OC.SOUTH.0 | 


0x5d | 


3 


RAV 


i 


3U.OC_HE!GHT_1 | 


0x5e | 


3 ! 


RAV 


! 3U_OC.HEIGKT_0 


0x5 f 


3 


RAV ! 



Table .c li.i Top-Level Registers A Top 
Level Address Map (contd) 




! =V. WA_QATA.SNP1 
j 2 U _ W A _ £ ATA _ S N PO 



j • upi i«s; access ;r 

/ tMe ver^cai L-ssanoiers- 
RAMs 



j 2UJJV_RAM2A_AD0R_1 


| OxaS 


a 


6U.UV.RAM2A_AOOR.O 


| 0xa9 


h 


SU.UV.RAM2A.0ATA 


( Oxaa 




au.UV.flAW2B.A00R.1 


| Oxac 


i a 


BU_UV.RAM29_AOOR_0 


Oxad 




SU_UV.RAM2B.OATA 


Oxaa 


1 a 


! =U.wa,aOOR_SNP2 ! ] 


Oxt)0 


! a 


5U_,VA_ACDR_SNP1 j 


OxOI 





0x02 



I 8 



R/W • snooper on tfie wn;e 
address generator aacvess 
o/o. 



0x04 



OxoS 




RW . snoooer cn cata 
outcut 0/ VVA 



Table c.ll.i Top-Level Kegxsters A Top 
Level Address Map (contd) 
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S 



| 3UJr_SNPi_i 


OxOa 


i ° 
1 8 


\ 3UjF_SNPi_o 


OxOO 


1 3 


| 3U_!r_5N-?2.i 


Oxbc 


| 3 


j 3U_lr_SN?2_0 


Oxod 


1 8 


3U.lrRAM_A00R_1 


OxcO 


j 1 


3Uji==iA.V^ACORj3 | 


Oxcl 


I 8 


6UJF?UM_0ATA | 


0xc2 


I 8 



the d.-amif ;a:a rc::'„ - .s. 



WW - udi ac=sss ;! =u,u 
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Table C.ll.i Top-Level Registers A Top 
Level Address Map (contd) 

C.12.1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

DAll registers in the address generator keyhole 
take up 4 bytes of .address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole . 
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Table c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 

i ~ ■ 

• Keyftcie -.easier Name ! ! 5 ; . s 

! : Across ! 



j 5U.O!SPACCR_3UFr£.=:o_3ASH.MSB 


j :-xoi 


; 2 




| 3U_0tS?AOQR_3UFF_=0_EASE_MlO 


j 0x02 


: 3 
i 


i 

I 'easier * 


3u_QlSPACOR_3UFF==0_=ASc_'.S3 

i 


0x03 


\ 3 
i 

i 


i Must ce 
j 

1 toaced 


| aU.OISPAOOR.SUFFERi^SASE.MSa 


0x05 


i 2 


Musi 


3U_0lSPACDH_3UFrS.qt_3AS5.Ml0 


0x05 


! 3 


Loaded 


t 3U_0IS?A0DR_8UFF=R1_3ASE_LS8 


0x07 


! 3 




j 3U_0tSPAODR_3UFF=R2_3ASE_MSB 


0x09 


j 2 


Must tie 


j~ — 

j 3U_0tS?AOCR_3UFF£R2_3AS£_.V(O 


0x0a 


i 8 


Loaded 


I 3U_0lS?AC0R_8UFFER2_3ASE_LS8 


CxOb 


j 3 


i 


j 3U_3LOPATH_LINE0_MS3 


OxCd 


i 2 


Test only 


| 5U_0LC?ATH_L!N£0_MID 


OxOe 


I a 

i 


. 


3U_OLDPATHJJNEO_LS3 | 


CxCf 


i 3 ! 


i 
1 


j 3U_OLOPATHJJNE1_MS8 


0xt1 


• i2 ! 


Test cnty 


| 3U_0LCPATHJJNE1_MID 


0xt2 


j 3 




| 3U_0LDPATH_LINEl_LS8 


0x13 


i 3 




3U_DLDPATH_UNE2_MS3 | 


0x15 


2 i 


Test only | 


3U_0LDPATHJJNE2_MID | 


0x16 


3 


i 


3U_DLDPATH_UNE2_LS3 


0x17 




i 


3U_OLOPATH.V8CNT0.MS3 


0x19 


2 I 


Test omy j 


3U_DLOPATH.VBCNTO_MIO 


0x1a 


3 




I 3U_OLOPATH_V8CNT0_LS3 j 


0x10 i 


3 




j 3U_0LC?ATH_V8CNT1_VS3 | 


0x1<3 i 


2 1 
i 


Test cniy ; 


' 3U_CLCPATH.VSCNTt_MlO | 


Oxie j 


3 j 




j 3U_CLC?ATH_V5CNT1_LS3 | 


CxH | 


3 : 

t 




| 3U.CLCPATH_V8CNT2.MS3 j 


0x21 j 


2 | 


Test or.iy 


3U_OLCPATH_V3CNT2_MIO | 


0x22 j 


3 1 




i 3U_0L0PATH_V3CNT2_LS3 j 


0x23 ! 


3 ! 
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e C.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



i 

j Keynoie Register Na.r.e 


I Keyncfe 

i 

| A^c.'°SS 


1 

j 3 its 
i 


1 

I C:.T..T SR a ' 

i 


: 3U_DlS?ACO = _CCMP0_CP=3£7_MS3 


I Cx25 


I 2 


: uus: re 


: 5U_GiS?ACCM_CCMP0_OPr5ET_V1lO 


| 0x25 


; 3 


i 


j 3U_CIS?ADCR ZZMPO Of f SET LS3 


0x27 


! 9 






j 0x29 


1 2 


j Must 29 




| 0x2a 


1 3 


! Lraced 


j 3 w _ w> i j ^ U. _ _ «_ w • ij^rr;; i _ O 


j 0x20 


i 3 i 


' ai p niCDAnpa oi ocrr - - wo a 


0x2d 


[ 2 


| Must re ; 


! 3ii "i i c 3 a n o m r^noi occc - t mn 


0x2e 


a 


leased ! 


DU.DI5rACCn.^vJM?2_OFr3c t _Li3 
j . 


0x2f 


3 


i 


j 3 U .01 S PA DC R_C CM P0_V3S_MS 3 


j 0r3t 


i 

I 2 


| Must re . • 


[ 3U_DISPACCR_COMPO_VB5_MIO 


| 0*32 


1 9 


1 

| Lca.ec 


i 3U_3!SPACCR_CCM?0_VBS_LS3 


i 

[ 0x03 


1 3 


i 
1 


j 3U_DISPA0DR_CCMP 1_V8S_MS3 


0x3S 


2 


j Musiie ; 


| 3U.DISPAD0R_C0iV1P1_VBS_.V1I0 


0x36 


8 


leaded j 


3U_DISPAD0R_C0MP1_VBS_LS3 


0x37 


8 




| 5LLDlSPA0Dfl_COMP2_VBS_MS3 


0x39 


2 


Must re ; 


3U_DlSPADDR_COMP2_VBS_MlD 


0x3a 


o 


i 

leaded 


; 3U_DISPA0OR_COMP2_VBS_LS8 


0x36 | 




i 


; 3U_A0OR_COMP0_HBS_MSB 


0x3d 


2 


Musi oe j 

i 


3U_AOOR_COMPO_HSS_M10 


0x3e 


8 


Loaded j 


BU_AD0fl_COiV1P0_H3S_LSB 


0x3f 


3 


i 


9U_ADOR_COMP 1 _HBS_MS8 


0X41 1 

1 


2 


Must re J 


3U_ADOR_COMP1_HBS.MIO j 


0x42 j 


3 


i 

Loaced \ 


SU_A00R_COMPl_HBS_USB 


0x43 1 

i 


3 


i 


r 3U_AOOR_COMP2_HSS_MSB 


0x45 j 


2 


Musi oe • 




0x46 | 


3 


Loaded 


3U_ADDR_CCMP2_H3S_LS8 | 


0x47 | 


8 




3U_O!S?A00R_COMP0_HBS_MSB | 


0x49 


2 1 


Musi re 


3U_DISPADCR_CCMP0_HBS_MI0 


0x4a | 


3 1 


Lcaced 


3U_DISPACCR_CCMP0_HBS_LSB 


Cx4b 


a ! 




5U_D!SPACCR_C0M? !_HBS_MSB { 


0x4<j J 


2 ! 


Mus: re 


3U_DIS?A0CR_CCMP 1 _H8S_MI0 


0x4« 


3 ! 


Loaded 


3U_ClS?ADOR_COMP1_HBS_LSB j 


0X4* 1 


9 ! 
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le c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyficie Register Name I * : " - , 1 . 

; ^ccress 



I 3U_wO> ^«Ln^UMr^_-.;j MS 3 


i Ct5 1 


' 2 




J 3 U _ J 1 b r A r J (J " _COMP 2 _ — ro _M 1 0 

f 


j Ci52 


! 3 


'. '.zacsc 


J -U_C!5^auuh_C0MP2_.H3S_LS3 


| 0x53 


i 3 




j 3U_0lSPACCn_CNT_U£r t 0_MS3 


0x55 


! 2 


! Tes: zr.:y 


j BU.ClS^ACCR.CNT^LEFTO.MiO 


j 0x£5 


! 3 


i 


j 5U_OlS?ACOfl_CNT_LErT0_LS3 


j Ci57 


3 


1 
I 


3U_0lS?ADCR_CNT_L£rT ) _MS3 


| 0x59 


! 2 


1 ~9S; or.iy 


1 3U_DlS?AOOR_CNT_LE=Tl_MlO 


| 0x5a 


1 3 




3U_0lSPACCR_CNT_LEFTl_LS3 


| 0x5b 


1 8 




3U.0!S?A00R.CNT_L=.- i 2.MS3 


| Cx5d 


1 2 


; .es; zm/ 1 


3U_OlS?A0OR_CNT_LEF72_MlD 


0x5e 


1 3 


! 

> 


j 3U_CISPA0CR_CNT_L£pT2„LS8 


1 0x5/ 


1 a 


! 


3U_DlS?ACCR.PAGE_AODR0_MS3 


j 0x61 


! 2 


j Tes; cniy I 


| BU.CISPACDR_PAGE.AOORO.M10 


0x62 


i 3 


1 i 


3U_OISPAOOR_PAGE.AOORC.LS3 


0x63 


I 3 


! i 


3U_0lS?ACOR_PAGE_A0DRl_MS3 


0x65 


j 2 


j Tesisn.y : 


3U_OISPAOOR_PAGE.AOOR1.MIO 


0x66 


i a 


! 


| 2U_0JSPACDR_PAGE_A00RI_LS3 


0x67 


! a 


! j 


3U_0ISPAOOR_PAGE.A00R2_MSa 


0x69 


! 2 


Tes; Qr.:y j 


3U_OISPA0OR.PAGE_AO0R2.MI0 


0x6a 


1 3 


1 


8U_0ISPA00R_PAGS_A0DR2_LS8 


0x6b 


! 3 


j 


8U_OlSPAOOR_8LOCK.AO0R0.MSa | 


0x6d 


! 2 


Tesizr.f 


3U.DlSPAOOfl_8l.OCK_AOOflO_MlO | 


0x5e 


1 3 


'■ 


3U_OlSPAOOR.BLOCK_AOOR0.USa | 

i 


0x5f 


! 3 




BU_OISPAOOR.8LOCK_AOOR1.MS3 | 


0x71 


1 2 ! 


Tes; cniy 


3U_DlSPA0Dfl_3L0CK_AD0fl1_Ml0 


0x72 


1 3 




3U_0ISPA00R_8L0CK_A00R1_LS3 | 


0x73 


1 3 




BU_OISPAOOR.3LOCK_AOOR2.MS3 | 


0x75 


! 2 i 




"est :r.:y 


| 3U_OIS?ACOR_SLOCK_AOOR2_MIO | 


0x76 


!* i 




3U_CtSPAD0fl.SLOCK_A00R2.LS3 j 


0x77 


1 3 ! 




3U_3lS?AOOR.3LOCKS_LE.=T0_MS3 1 


0x79 


I 2 ' 




es: zr > 


3U_OISPAOOR.3LOCKS.LE?TO.M10 j 


0x7a 


! a 




3U.CISPAOCR.3LOCKS.LEFT0.LS8 | 


0x7E) 


; 3 i 
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le C.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Keyhole 
Address 




: t 

: i 

! Corner.:. ' 
• i 


3u.0iS?AeCfl_3LC<;:<Sj-£rTl_.\iS3 


0x7d 


» 2 




3U_C!S?AC0R_3LOCKS_-E=Tl_Mi0 


0x7e 


3 


• * 

i | 


3U_0lS?A00R_3LOCKS_LE=Tl_LS3 


0x7f 


8 


i 

! 


3U_ClSPAOCR_3LOCKS.LHrT2_.VlS3 


0x81 


2 


Tes; or.iy 

t 


3U_C!S=ACOR_3LOCKS_L£=T2_MIO 


0x32 


3 




| 3U_C:SPAOOR_3LOCKS_L = rT2_LS3 


0x83 


3 


i 


j 3U_WACOR_3UFFER0_3ASE_MS3 


0x85 


2 


Mus; :e j 


3U_WACOR_3UFFSR0_3ASE_MlO 


0x86 


8 


i 

Loaded ; 

I 


3U_WA0CR_3UrF=R0_3ASc_LSB 


0x87 


3 


r 
1 


| 3LLWAC0R_3UFF=R1_3ASE_MS3 


0x89 


2 


Must se i 


! 3U_WAC0R_3UFFERl.3ASE.MlD 


0x8a 


a 


Loaded 


j 5L'_WAuCR_3UFFERl_3ASE_LSB 


0x8b 


3 


• 


SU_WAC0R_SUFFSR2_3ASE_MS3 


0x8d 


2 


Mus; De i 


j 3U_%VA00R_3UFFER^_3ASE_MI0 


0x8e 




Loaded j 


j 3U_WA0DR_3UFFER2_3ASE_LS3 


0x8f 


* 


t 

! 


j 3u_WAO0R_COMP0.HM8AODR.MS3 


0x91 


2 


Test only 1 

i 


3U_WAOOR_COMPO_HM8AODR_MID 


0x92 


8 


1 


3U_WACOR_COMP0.HMBA0OR.LS8 


0x93 


8 


j 
i 


5U_WADDR.COMP1_HM8A0DR.MSB 


0x95 


2 


Tes: only j 


3U_WA00R.COMP1_HMBA0DR.MIO 


0x96 


8 


1 


3U_WAODR_COMP1_HM8A00R.LSB 


0x97 


8 


I 


3U_WA00R_COMP2.HMBAD0R.MS3 


0x99 


2 


Test or.iy 


3U.WADOR_COMP2_HMBAODR.MID 


0 x9a 


3 


i 


! 3U_WA00R_COMP2_HMBA00R_LSB 


0x9b 


a 


1 


3U.WADOR_COMP0_VMBAOOR_MS8 


0x9d 


2 


Test only 1 


3U_WACDR_COMP0.VMBA00R.MlO 


0x9e 


3 


i 


3U_WAO0R_COMP0_VMBADOR_LS8 


0x9f 


a 


1 ! 


3U.WAC0R.COMP1 .VMBAOOR.MSB 


Oxal 


2 


Tesi oniy 


1 — " 

j 3U.WA00R_CCMP1_VMBA00R.MI0 


0xa2 


8 


i 
■ 

■ i 


5U_WAC0R_COMP1.VMBA0DR_LS3 


0xa3 


8 


1 ; 


j 3U.WAOCR.COMP2.VM8AOOR.MSB 


OxaS 


i ^ 


Tes: cr.iy 


! 3U.V/AOOR.COMP2.VMBA00R.MIO 


0xa6 


3 




I 3U WAOCR COMP2 VMBAOOR.LSB 


0xa7 


! 9 


i 

i 



Table c.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynole Register Name 


Keynote 
- Address 


j 3its 
• 


j 

Cor-.mer.ts | 


3U_WAOCR_VSACCR_MS3 


[ 0ia9 


i * 


| "est :r,i v i 


3U_WA00R_V8AD0R_MlO 


Oxaa 


! a 


j j 


3U_WA0CR_V8A00R_LSB 


| Oxao 


! s 


I 


3U_WAOOR_CCMPO_HALF_WIDTHJN_BLOCKS.MS8 


| Oxad 


1 ^ 


Must 5ft j 


3U_WAOCR_COMPO_HALF_W10THJN.3UOCKS.MIO 


Oxae 


j 3 


I : 

i Loaded ; 


SU_WAOCa_COMP0_HALF_W!OTH_IN_3LOCKS_LS3 


Oxaf 


j e 




3U_WA00R_C0MP 1 _HALF_W(0TH_fN_3LOCKS_MS8 


| Oxbi 




Musi re \ 


3U_WA00R_C0MP 1 _HALF_W10TH JN_8LOCKS_MI0 


j 0.02 


1 8 


Loaded J 


BU_WA00R_COMPl_HALF_Wl0THJN_8LOCKS.LSa 


0xt>3 


3 


1 
i 


3U_WACOR_COMP2_HALF_WIOTHJN_3LOCKS_MS8 


Oxb5 


i 2 


Mus: 2e ' 


3U_WAOOR_COMP2_HALF_WIOTH_IN_BLOCKS.MIO 


0x06 


1 3 


Leaded ! 


3U_WADOR_COMP2_HALF_WIOTHJN.3LOCKS_LSB 


Oxb7 


! 9 




3U_WA00R_H.B_MSB 


0x09 


h 


Test oniy | 


3U_WAO0R_HB.M!O 


Oxoa 


! 3 


i 
i 


3U_WA00R_HB_LS8 


Oxt)b 


a 


i 
i 


3U_WAOOR_COMP0_OFFSET_MS3 


OxDd 


2 


Mus: oe j 


3U_WADOR_COMPO_OFFSET_MIO 


OxOe 




i 

Loaded ! 


3U_WAODR_COMP0_OFFSET.LS3 


Oxof 


* 




3U_WAOOR_COMP1.0FFSET_MSB 


Oxct 


2 


Must oe 


i 
i 


8U_WAOOR.COMP1_OFFSET_MID 


0xc2 


8 


i 

Loaded \ 


8U_WA00R_COMP 1 _OFFS£T_LSB | 


0xc3 


8 


I 
j 


8U_WAODR_COMP2_OFFSET_MSB 


OxcS 


2 


Mus: ce j 


3U_WAD0R.COMP2.OFFSET_MlO 


0xc6 


8 




BU.WAD0R_COMP2.OFFSET_LS8 


0xc7 


8 


Loaded j 

1 


3U_WA00R_SCRATCH_MS8 


Oxc9 


2 


Test only 




3U_WA00R.SCRATCH_MI0 


Oxca | 


3 






3U_WA00R_SCRATCH_US8 | 


Oxcb | 


8 ! 


j 


3U_WA00R_MBS_WI0E_MSB 


Oxcd 


2 


Must oe 


au_WA00R_M8S.W!0E_Ml0 | 


Oxce 


8 


Leaded 


3U_WAC0R_M8S_W!0E_LSB 


Oxcf | 


8 




3U_WA00R_M8S_HIGH_MSB | 


Oxdl j 


2 i 


Must re 


| 3U_WA00R_MBS_HIGH_MI0 j 0xd2 \ 


* 1 


Loaded 


3U_WAC0R_MBS_HIGH_LSB | 


0xd3 | 


8 





e C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynofe Re^isier Nane 


Xeynola 

. Ad.rcss 


3its 




5U.W^30.^_CCM?0_U;ST_M3jN_nCW_.MS3 


1 0xd5 
i 


c 


1 * < 

| -Mcs; re 


3U_WACCR_COMP0_LAST_M3_in_RCW_MIO 


0xd5 


a 

o 


j Leaned 


j 3U_VMCCR.CCMP0_LAST_M8JN.RCW.LS3 




9 




| 3U_WACGR_CCMP 1 _LAST_MSJN_RCW_MS8 


UXQ3 


2 




| 3U_WA00R_COMP 1 _LAST_MB JN_RCW_MI0 


uxaa 


8 


Loacec 


3 U _WA OC R _C CM P 1J_AST_M 8 JN .ROW LS3 


Oxdb 


S 




1 3U WACCR CCMP2 LAST MS INI SOW j^ca 


1 - __ 
Oxdd 


2 


Mls; re 


3U_WAOCR_COMP2_LAST_MSjN_ROW MIO 


Oxde 


8 


Lcare^ j 


3U WAODR CCMP2 lact mr im qrw i ca 


Oxdf 


8 




3U WACCR CCWPO ! ACT m Q im mai c anuy i jo o 


Oxel 


I 2 


j Mus: re ; 


3U WACCR CCMPO. LACT MR im wai c gnu/ wirk 


0xe2 


8 


Lcacec 


3U WAf^f} 3 * ^ A M?fl 1 ACT JL4Q IKJ UA! f~ — , — » 
i su,M«^un -MW iviru_y*o 1 _MOJIN_nALr_MUW L5B 


0xe3 


8 


3U WA DDP iTl/^0 1 l ACT Wfi im urn (T nrtt^i 

—'r"i_v*V-.rvir' l _l_Ao 1 _Mo_iN_HALF_HOW MSB 


0xe5 


2 


Must 5e I 


3 Li WADDR t ACT JL4ft I M LJ A i C = »/"\iaj um 


0xe6 


8 


i 

Loaced ; 

! 


RtJ f~f>JL4D 1 1 ACT WQ IJk.1 u * I r saui i *-* m 

3w_tifM_.^m_ w vj(vir' i^mi I _.V1o_i(N_rJ ALmP _"^OW_LSB 


_ _ 
0xe7 


a 


aw -' — <— <n.^v_.tvir'i_ - i_Ho 1 _MO_lrs_^r! AL/" _HO VV MSB 


0xe9 


2 


Must 22 | 


1 3U WACCR COMP? 1 ACT UP im uai c com/ ajii-i 

( 


Ozea 


8 


i 

Loads, , 

! 


1 BU WAD n R CHMP5 1 ACT ua jkj uai e aniiu i —a 
1 TT ~ ■ v^s^rvir^^.i^Mj 1 1 _cviO In* HALT nvJW L59 

i : 1— 


Oxab 


8 


DU_^ML,un_LUMrU - LAb 1 _HUW_IN_MS_MSB 


Oxed 


2 


Mus; De [ 


3U WAnDR r*OlL(Pn 1 ACT OOia/ ikj iao litn 
° w — 'L/n.^ VJlvir'U_(_M5 t _MLJVY_lfN_Mo_MIU 


Oxe« 


8 


Loaded j 


ou_wMuun - uUMrU_LAI) T _HOW_IN_MB_LS3 


Oxei 


8 1 




ou_tvMuun_L JMr l_LAo 1 _HvJW_IN_M8_M5o 


Ort\ 


2 


Mus; ze 


Si J WAP-fifiS *~nA40 4 I ACT a /"Mas iai tia win 

ou."«UUn_vUMr 1 _L-A5 l_nUWJN_M8.MID 


0xt2 


8 


Loaceo ! 


Q | I VUAnnP rOuOi i ACT a/"SLA/ ik i ud i r- a 
□ u.nMUun^UMr i .LA5T.nOW_ifN_MS_.LSo 


0xt3 


8 




2 1 i \aj Anna P'Mjoi i a pt a^ui iai liQ w — a 
3U_vYAUUH_LwMr2_LAoT.RUW.IN_MB.M5o 


OxfS 


2 


Musi ! 


3U_WAOOR_COMP2_LAST ROWJN MB MIO 


0xf6 


Q 

0 


Lea red 


3U_WACCR_COMP2_LAST_ROW_IN_MB.LSS 


0xf7 


3 1 




3U_WAOCR_COMP0_3LCCKS_P£R.MB_ROW_MSB 


0xt9 


2 i 
1 


Mus: ;e 


3U_WACDR_CCMPO_8LCCKS_PER_MS_ROW_MIO 


Oxfa 


3 i 


Loaded 


3U_WACCR_COMP0_3LCCKS_PER_MB_RCW_LSB 


Ortb 


■ 1 




! 3U_WACOR.COMP1_3LCCKS_PER_MB_ROW_MSB 


Oxtd 


* ! 


Mus; re 


! SU.WACOR_CCMP1_3LOCKS_P£R_M8_ROW_MIO 


Oxta 


8 


Loaded 


3U.V/ACCR_COMPl.3LCCKS_?SR_M8_ROW_LS8 


Oxtf | 


a 1 
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Table c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynae Register N'ame 



Keynote 



i 3U_WACCR_CCMP2_5LCCKS_P?P._Ma..nOW_MSa 



3its 



I CxIOl 



j 3U. , .VACC3,COMP2,SLOCKS.P£R,M3,aow,MI0 



I 2 



3LV-VAC::R_COMP2_3LOCKS.PER.M3.RCW.LS3 



I 0^02 | 8 



Mus; :e 
Leaded 



0x103 



J 3U_WAC0R_CCMP0_LAST_M8_ROW_MS3 



I 3U.WACOR_CCMP0_LAST_MB_RCW_MlO 



I 0**05 J 2 | Mus;:e j 



Ox ICS 



3U_WACDR.COMP0_LAS7_MB_ROW_LSB 



Loaded 



3x107 



; 3U J.VACCR_CGMPl_LAS7_MB^ROW_MSB 
j 3U_WACOfl_COMPi__AST_M8_ROW_MlO 



Cxi 09 



Cxioa 



3U.WAOCR.COMP 1 _LAST_MB_ROW.LS8 



Loaced 



j 0x10b 



! 3U_WACDfl.COMP2_LAS7_MS_ROW.MSB 



OxlOd 



3U_WACDR_CCMP2_LAS7_MB.ROW.MID 



2 | Mus: re 



3L'_WAC0R_CCMP2_LAS7_M8_RCW_LSa 



OxiGe 



Loaded 



OxlOf 



j 3U_WA0CR_COMP0_HBS_MS3 



I 3U_WAOCR_COMPO_HBS_M1D 



| 0x111 



Mus: i* 



| 0x112 



5U_WACDR_COMP0_HBS_LS3 



! Lca-ed 



| 0x113 



5U_WA0DR_COMP 1 _H8S_MS8 



0x115 



! Mus:ce 



3U_WAOOR_COMPl.HBS.MIO 



0x116 



3U_WACDR_C0MP1.HBS.LS8 



-oaded 



0x117 



3U_WACCR_COMP2.HBS_MS8 



0x119 



3U_WA0DR.C0MP2_HBS.MID 



Oxlia 



3U_WAD0R.COMP2_HBS.LS8 



Mus: 3e 



-oaded 



I 



Ox 116 



3U.WADOR.COMP0.MAXHB 



Cxllf 



! Mus; oe 



3U.WAC0R.COMP1.MAXH3 



j 0x123 j 2 | 



Loaded 



I 3U_WAOOR_COMP2_MAXHB 



0x127 



3'J_WACCR_COMP0_MAXVB 



Cx12E) 



3U.WACOR.COMP 1 .MAX VB 
3U_WACOR_COMP2_MAXV3 



Cxl2f 



I 2 



j Mus: re 
i Leaded 



:xl33 



C12.3 Horizontal Upsampler and Color Space Converter 
Keyhole * 
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Table C.ii.3 H-Upsamplers and c 



space Keyhole Address Map 



Keyhole R easier 








Name 


Address 


BiLS 


Comment 


3UJJH0_AC0_1 


0x0 


1 5 


RAV. Coeff 0.3 


3U.UHO_A00_0 


0z1 


a 




BU.UH0_AO1_1 


0x2 


5 


RAV- Coeff 0,1 


3U_UH0_A0t„0 


| 0x3 


! 8 




3U.UH0_A02_t 


0x4 


5 


RAV- Coeff 0.2 


SU_UH0.AG2_0 


0x5 


3 




3LLUH0_A03_1 


0x6 


S 


RAV- Coeff 0.0 


3U_UH0.A03_0 


0x7 


8 




8UJJH0_A10_1 


0x8 


5 


RAV- Coeff 1.0 


8U_UH0_A10J) 


0x9 


8 




8U,UH0_An_1 


Oxa 


5 


RAV- Coeff 1.1 


3UJJH0.A11J3 


0x0 


8 




8U_UH0_A12_1 


Oxc 


5 


RAV- Coeff 1.2 


3U_UH0_A12_0 


Oxd 


8 




BU.UH0.A13.1 


Oxe 


5 


RAV- Coeff 1.3 


BUJJH0_A13_0 


Oxf 


3 




8U_UH0_A20_1 


0x10 


S 


RAV- Coeff 2.0 


BU.UH0.A20.0 


0x11 


8 




BU_UH0_A21_1 


0x12 


5 


RAV- Coeff 2.1 


BU_UH0_A21_0 


0x13 


a 




8U_UH0_A22_1 


0x14 


5 


RAV- Coeff 2.2 


BUJJH0.A22J) 


0x15 


8 




8U.UH0.A23.1 


0x16 


5 


RAV- Coeff 2.3 


8U.UH0.A23.0 


0x17 


8 




BU.UH0.MO0E 


0x18 


2 


RAV 


BU_UH1.A0O_1 


0x20 


5 


RAV- Coeff 0.0 


BUJJH1.A00J) 


0x21 


a 




3U_UH1_A01.1 


0x22 


5 


RAV- Coeff 0. 1 


BU.UH1.A01.0 


0x23 


8 




9U.UH1_A02.1 


0x24 


5 


RAV- Coeff 0.2 


9U_UHt.A02_0 | 


0x25 


a 




9U.UH1.A03.1 | 


0x26 


5 


RAV* Coeff 0.0 


BU.UH1.A03.0 | 


0x27 


a 





66 6 



Table c.ii.3 H-Upsamplers and Cspace Keyhole Address Map 



m 



.<eyp.c*e Register 


Keynote 
Address 


I 

3*IS | Ccrr.rr.enl 

!. 


3 : J_'Jr:!_AlO_1 [ 0x23 


5 


RAV- Co eft i.O 


3 ! J_'J:n1_A10_0 


0x29 


8 




3UJJH1_A11_1 | Cr2a 


5 


RAV- Coert 1.'. 


3U_UH1_A11J3 


0x25 


8 


! 


3'JJJH!_A12_1 | 0x2c 


5 


RAV- Cceff:.2 | 


= UJ„h;_a;2J3 I Cx2d 


8 




5U_UHt_Ai3_i 


0x2 e 


5 


RA7-Coeffi.3 

i 


3UJJH 1_A13_0 


Cx2f 


6 


i 

! 


3U_'JH1_A20_1 


0x30 


5 


RAV- Coeff 2.0 i 
1 


3UJJH! _A29_0 


0x31 


8 


BU_UH!_A2l_1 


0x32 


S 


RAV- Coeff 2.1 j 

i 


3UJJH1 _A2 I _0 


0x33 


8 


3U_UH1_A22_1 


0x34 


5 


RAV- Coeff 2.2 1 

t 

! 


3UJJH1_A22_0 


0x35 


8 


3U_UH1_A23_1 


0x36 


5 


RAV- Coert 2.3 j 

i 

1 
l 


3U_UH1,A23_0 


0x37 


8 


3UJJHt_MO0E 


0x38 


2 


RAV j 


8UJJH2_A00_1 


0x40 


5 


RAV- Coeff 0.0 


3U_UH2_A00_0 


0x41 


8 


8U„UH2_A01.1 


0x42 


S 


R/W- Coeff 0.1 j 

1 
1 


3U.UH2.A01.0 


0x43 


8 


BU_UH2.A02.1 


0x44 


5 


RAV- Coeff C.2 i 


BU.UH2_A02_0 


0x45 


8 


3U.UH2.A03.1 


0x46 


5 


RAV- Coeff 0.0 j 

i 


3U_UH2_A03_0 


0x47 


8 


BUJJH2.A10.1 


0x48 


5 


RAV- Coeff 1.3 


3U_UH2_A10_0 | 0x49 


8 


3U_U!-!2_A11_1 


Cx4a 


5 


RAV- Coeff i.i j 

i 

1 


3U_U.-.2_A11_0 


0x40 


8 


3UJJH2_A12_1 


0x4c j 5 


RAV- Coeff 1.2 j 

i 


3UJJH2.AI2.0 | 0x4<j 


8 


SU_UM2.At3.» 


Cx4e 


5 


rav- Coeff 1.3 : 

i 
1 


SU_'JH2_A13_0 | Cx4f j 8 
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Table c.ii.3 



Oi 
•i8 



o 

ty 

o 



H-Upsamplers and Cspace Keyhole Address Map 



Keynoi« Register 
Name 


Keyhole 
Address 


3'-> J Comment 

! 


J 3UJJH2.A20.1 


0x50 5 | =AV. Coert 2.0 


| 3U_UH2_A20_0 


0x51 


* ! 


9U.UH2_A2l_l | 0x52 


5 1 PAV- Coefl 2.: 


3U.UH2.A21.0 | 0x53 


• 1 1 


3U.UH2.A22_! | CxS4 


5 


PAV- Coeff 2.2 


3U.UH2.A22.0 


0x55 


1 

3 i 


3U.UH2.A23.1 


0x55 


5 j PAV. Coert 2.3 


3U_UH2_A23_0 


0x57 


■ ! 


3U.UH2.MO0c 


0x58 


2 | PAV j 


BU.CS.A00.1 


0x60 




RAV j 


BU.CS.AOO.O | 0x6 1 


a 


1 


3U_CS_A10_1 


0x62 


5 


RAV 


3U_CS_A10_0 


0x63 


8 




3U.CS.A20.1 | 0x64 


5 


1 ™ j 


3U.CS.A20.0 


0x65 


8 


l 


3U.CS.30_1 


0x66 


6 


! 


3U.CS.80_0 


0x67 


• 


8U.CS.A01.1 


0x68 


5 


RAV J 
1 

! 


BU_CS_A01_0 


0x69 


8 


BU.CS.AIl.t 


0x6a 


5 


RAV | 

! 


BU.CS.A11.0 


0x6b 


8 


SU_CS_A21_1 


0x6c 


5 


PAV 


BU.CS.A21.0 


0x6d 


8 


BU.CS.8l_t 


0x6e 


6 


RAV 


BU.CS.31.0 


0x6/ 


8 


BU.CS.A02.1 


0x70 


5 1 


R/W 


3U.CS.A02.0 


0x71 


a 




8U.CS.A12.1 


0x72 


s 1 


PAV | 

I 
! 
1 


SU.CS.A12.0 


0x73 


a i 


3U.CS.A22.1 


0x74 5 j 


R/W i 

t 

I 


3U.CS.A22.0 


0x75 


3 j 


9U.CS.B2_1 


0x76 | 6 j 


PAV J 

i 
1 


3U.CS.32_0 


0x77 
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SECTION C.13 Picture Size Parameters 

C. 13 . i Introduction 

The following styli 2ed code fragments illustrate the 
processing necessary to respond to picture size interrupts 
from the write address generator." Note that the picture 
size parameters can be changed "on-the-f ly« by sending 
combinations of H0RIZ0NTAL_MBS , VERTICAL_MBS and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 
arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be mor* 
efficient to detect the arrival of all of the events before 
performing any calculations. 

It is possible to write specific values into the picture 
size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

c.13.2 interrupt Processing for Picture size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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load(rr.bs_vide! . 
else if (vrris, event) 

l=ad(.T.bs_Mi-M : 
else if (def^sa-^O. event) 
{ 

load ErsAxi-Jbi:: ) ; 
load (rruaxvb fc; ! : 

} 

else if Cdef_sa-7i_event» 

ifl 

!r load (isaxhb(ll); 

y i 

QJ load ( ~Axvb { 1 1 J ; 

\ 

else if Jief_sd.rp2_ever.tJ 

( 

load (.tax^[2!): 

load (y.axvb(2 ! ) : 

> 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

if (. k jrJ:s_<ven; | | vrris_ever.c | | 

def_sairpO_event | | def_s&rspl .event | | def _sar.p2_*ve- r / 

for (i*0; i <niax_co^por.er.c ; i-*) 
( 

:--bs C i ] - addz_>_3S(i] * (-<axh_»(il *1) • x£s_vi_e : 
hai!_-ridth_i.-_blccks (i) * ( (rnaxhJbt i J -1 ) ' ris_- i ie ! / : ; 
last_rJD_in_r=w(i ) » his(i] - (raaxhb ( i I * 1 1 ; 
last_ri_i.-_haif_rcwii] « hal f _wid_h_in_bicc*s ( i .* - 
-ajch_:{ii-l) ; 

las t_row_in_.-ob ( i ) • hbsii) * naxvb(ij; 
bloc<s_p«r_^b_row(i J - lasc_row_in_mb(il * histi!; 
last_.?.5_row(i1 • blecks_per_sib.row{ i 1 • (r-=s_. w - ?r. - 1 * . 
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Although it is not strictly necessary to modify the 
dispaddr register values (such as the display window size) 
" . rSS P° nse to picture size interrupts, this may be 
desirable depending on the application requirements. 
C.13.3 Register Values for SIF Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C. 13. 3.1 Primary Values 



3U_WADDH_MBS_WIDE = 0x16 
Q =U_WADDR_MBS_HIGH = 0x12 

S =-- w AODfl_COMP0_MAXHB = 0x01 

09 =U-WADOa_COMPl_MAXHB = 0x00 

f? 3l -LWAD0R_COMP2_MAXHB = 0x00 

3'J_WA0OR_COMP0_MAXVB = 0x01 
SU_WAD0R_C0MP1_MAXVB = 0x00 
BU_WADDR_COMP2_MAXVB = 0x00 
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C.13.3. 2 Secondary Values - After Calculation 

3U_WADDR_COMP0_HBS = 0x2 C 
BU_WAOOR_COMP1_H3S = 0x16 
3U_WADDR_COMP2_H3S = 0x16 
3U_ADDR_COMP0_H3S = 0x2 C 
SU_ADDR_C0MP1_H8S = 0x16 
3U_ADDR_COMP2_H3S = 0x16 

3U_WADOR_COMP0_HALF_WIDTH_IN_3LOCK5 = Cx',5 
3U_WA00R_COMPl_HALF_WIDTH_IN_3LOCKS = CxC3 
8U_WADDR_COMP2_HALF_WIOTH_IN_BLOCKS = 0x03 
BU_WADDR_COMP0_LAST_MB_IN_ROW = 0x2A 
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BU_WADDR_COMPl.LAST_MBJN.ROW = 0x15 
BU_WADDR_COMP2_LAST_MBJN_ROW = 0x15 
BU_WADDR_COMP0_LAST.MB_IN_HALF_ROW = 0x14 
BU_WADOR.COMP1_LAST_MB_IN_HALF_ROW = OxOA 
BU_WADDR_COMP2_LAST_MB_IN_HALF_ROW = OxOA 
BU_WADDR_COMP0_LAST_ROW_IN_MB = Ox2C 
BU_WADDR_C0MP1_LAST_R0WJN_MB = 0x0 
BU_WADDR_COMP2_LAST_ROWJN_MB = 0x0 
BU_WADDR_COMP0_BLOCKS_PER_MB_ROW = 0x58 
BU„WADDR_C0MP1_BL0CKS_PER_MB_R0W = 0x16 
BU_WADDR_COMP2.BLOCKS_PER_MB_ROW = 0x16 
BU_WADDR_COMP0_LAST_MB_ROW = 0x5D8 
BU_WADDR_C0MP1_LAST_MB_R0W = 0x176 
BU_WADDR_COMP2_LAST_MB_ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
5 to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 



The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
selected stages in the pipeline for control data and/or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline are 
afforded enhanced flexibility in configuration and 
processing. In accordance with the invention, the 
processing stages may be configurable in response to 
recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/or converts the tokens. 

The present invention also relates to an improved 
pipeline system having a spatial decoder system for video 
data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 
being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 
token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled . 
Also in accordance with the invention, a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number • 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 
control tokens along the pipeline. Reconfiguration 
processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
circuitry and processing techniques are disclosed for 
implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



